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CROMIX ' — Cromemco's outstanding 


UNIX — like operating system 


CROMIX is just the kind of major 
development you've come to expect 
from Cromemco. After all, we're 
already well-known for the most 
respected software in the microcom- 
puter field. 

And now we've come up with the in- 
dustry's first uNiX-lookalike for 
microcomputers. It's a tried and proven 
operating system. It's available on both 
5" and 8" diskettes for Cromemco 
systems with 128K or more of memory. 

Here are just some of the features you 
get in this powerful Cromemco system: 


ә Multi-user and multi-tasking 
capability 

ә Hierarchical directories 

* Completely compatible file, 
device, and interprocess I/O 

» Extensive subsystem support 


FILE SYSTEM 


One of the important features of our 
CROMIX is its file system comprised of 
hierarchical directories. It’s a tree struc- 
ture of three types of files: data files, 


*CROMIX Б a trademark of Cromemco, Inc. 
fUNIX В а trademark of Bell Telephone Laboratories 
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directories, and device files. File, 
device, and interprocess І/О are com- 
patible among these file types (input and 
output may be redirected inter- 
changeably from and to any source or 
destination). 

The tree structure allows different 
directories to be maintained for different 
users or functions with no chance of 
conflict. 


PROTECTED FILES 

Because of the hierarchical structure 
of the file system, CROMIX maintains 
separate ownership of every file and 
directory. All files can thus be protected 
from access by other users of the 
system. In fact, each file is protected by 
four separate access privileges in each 
of the three user categories. 


TREMENDOUS ADDRESS SPACE, 
FAST ACCESS 
The flexible file system arid general- 
ized disk structure of CROMIX give a disk 
address space in excess of one gigabyte 
per volume — file size is limited only by 
available disk capacity. 
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Speed of access to disk files has also 
been optimized. Average access speeds 
far surpass any yet implemented on 
microcomputers. 


“С” COMPILER AVAILABLE, TOO 


Cromemco offers a wide range of 
languages that operate under CROMIX. 
These include a high-level command 
process language and extensive sub- 
system support such as COBOL, FORTRAN 
IV, RATFOR, LISP, and 32K and 16K BASICs. 

There is even our highly-acclaimed 
'C' compiler which allows a program- 
mer fingertip access to CROMIX system 
calls. 


THE STANDARD O-S 
FOR THE FUTURE 


The power and breadth of its features 
make скоміх the standard for the next 
generation of microcomputer operating 
systems. 

And yet it is available for a surprisingly 
low $595. 

The thing to do is to get all this 
capability working for you now. Get in 
touch with your Cromemco rep today. 


Management Information Display 


Ultrasonic heart sector scan 


Get the professional color 
display that has 
BASIC/FORTRAN simplicity 


LOW-PRICED, TOO 


Here's a color display that has 
everything: professional-level resolution, 
enormous color range, easy software, 
NTSC conformance, and low price. 

Basically, this new Cromemco Model 
SDI* is a two-board interface that plugs 
into any Cromemco computer. 

The SDI then maps computer display 
memory content onto a convenient color 
monitor to give high-quality, high- 
resolution displays (756 H x 482 V pixels). 

When we say the SDI results in a high- 
quality professional display, we mean you 
can't get higher resolution than this 
system offers іп ап NTSC-conforming 
display. 

The resolution surpasses that of a color 
TV picture. 


BASIC/FORTRAN programming 


Besides its high resolution and low 
price, the new SDI lets you control with 
optional Cromemco software packages 
that use simple BASIC- and FORTRAN- 
like commands. 

Pick any of 16 colors (from a 
4096-color palette) with instructions like 
DEFCLR (c, R, G, B). Or obtain a circle of 
specified size, location, and color with 
XCIRC (x, y, r, c). 


*U.S. Pat. No. 4121283 


Model SDI High-Resolution Color 
Graphics Interface 


HIGH RESOLUTION 


The SDi's high resolution gives a 
professional-quality display that strictly 
meets NTSC requirements. You get 756 
pixels on every visible line of the NTSC 
standard display of 482 image lines. Ver- 
tical line spacing is 1 pixel. 

To achieve the high-quality display, a 
separate output signal 15 produced for 
each of the three component colors (red, 
green, blue). This yields a sharper image 
than is possible using an NTSC-composite 
video signal and color TV set. Full image 
quality is readily realized with our high- 
quality RGB Monitor or any conventional 
кен nue monitor common in TV 
work. 


Tomorrow's computers today 


Model 501 plugs into Z-2H 11-megabyte 
hard disk computer or any Cromemco 
computer 


DISPLAY MEMORY 


Along with the SDi we also offer an 
optional fast and novel two-port memory 
that gives independent high-speed access 
to the computer memory. The two-port 
memory stores one full display, permit- 
ting fast computer operation even during 
display. 


CONTACT YOUR REP NOW 


The Model SDI has been used in scien- 
tific work, engineering, business, TV, 
color graphics, and other areas. It's a 
good example of how Cromemco keeps 
computers in the field up to date, since it 
turns any Cromemco computer into an 
up-to-date color display computer. 

The SDI has still more features that 
you should be informed about. So contact 
your Cromemco representative now and 
see all that the SDI will do for you. 


Cromemco 


280 BERNARDO AVE., MOUNTAIN VIEW, СА 84040 • (415) 964-7400 
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...Stands well above 
other 5-100 graphics dis- 
plays in its price and per- 


formance range." 
BYTE, Product Review | 


"...better monochromatic 


...display...." 


ELECTRONIC DESIGN, 
1981 Technology Forecast 


MICROANGELO 


HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER 
512 x 480 resolution black and white and vivid color displays 


RS-170 com- 
posite or direct 
drive output 


Local or external 
sync generation 


4 Mhz 280 


microprocessor 


60 hertz real- 
time clock 


8 level interrupt 
tie-in 


IEEE S100 bus 
compatible 


Screenware™ Pak I 


А 4К byte operating system resident in РВОМ on 
MicroAngelo™ Pak I emulates ап 85 character 
by 40 line graphics terminal and provides over 
40 graphics commands. Provisions exist for user 
defined character sets and directly callable user 
extensions to Screenware™ Pak I. 


Screenware" Pak II 


Ап optional software superset of Pak I which 
adds circle generation, polygon flood, program- 
mable split screen for separate graphics and ter- 
minal I/O, relative coordinates, faster vector and 
character plotting, a macro facility, full UCSD 
Pascal compatibility, and more. 
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Light pen 
interface 


NIS aam Time multi- 
т | plexed refresh 

"T 4K resident 
Screenware™ 
Pak І operating 
system 


32K RAM 
isolated from 
hast address 
space 

High speed 
ond i communications 
over parallel 
bus ports 
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And now. ..COLOR!! 


The new MicroAngelo™ Palette board treats from 
2 to 8 MicroAngelos as “bit planes” at a full 
512 x 480 resolution. Up to 256 colors may be 
chosen from 16.8 million through the program- 
mable color lookup table. Overlays, bit plane 
precedence, fade-in, fade-out, gray levels, blink- 
ing bit plane, and a highly visual color editor are 
standard. 


SCION 


8455-D Tyco Road * Vienna, Virginia 22180 е TWX: 710-831-9087 е (703) 827-0888 
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MAINTAIN 
PROJECT CONTROL 


WITH 
MILESTONE™ 
М 


Put your microcomputer 
to work... 


As a project manager, you 
| know the value of careful plan- 
ning. Ап oversight here, а miscal- 
culation there, and in no time, 
you could be in a lot of trouble. 


Now, thanks to МНЕЗТОМЕ"" 
it's easy to obtain and keep com- 
| plete project control. 


MILESTONE is an easy to use 
computer program that puts your 
desk top microcomputer to work 
using the same proven "critical 
path" techniques previously 
available only on big, expensive 
computers. Now, regardless of 
your type of project, vou can plan 
| and control manpower, dollars, 
and time. 


Available in most microcom- 
puter formats: CP/M* CP/M-86* 
Apple PASCAL, UCSD PASCAL. 
Call or write: 


SOFTWARE 
DIGITAL MARKETING 
DIGITAL MARKETING 


2670 CHERRY LANE 
WALNUT CREEK • СА 94596 
(415) 938-2880 


"CP/M and СР/М-86 are Irademarks of Digital 
Research 


*MILESTONE is a trademark o! Organic 
Soltware 
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Editoria 


Odds and Beginnings 


by Chris Morgan, Editor in Chief 


As I sat down to write this month's editorial, I realized I was going to have a 
hard time sticking to one topic. So much has been going on lately, I thought I'd 
throw it all into one convenient column. The title "Odds and Beginnings," 
which I stole from James Thurber, reflects this potpourri. 


| Artificial Intelligence 


I'm particularly pleased that we were able to fit so many interesting articles 
about artificial intelligence into this month's issue. Many of them were com- 
missioned at last years AAAI (American Association for Artificial In- 
telligence) meeting at Stanford. In particular, the articles "Natural Language 
Processing: The Field in Perspective" (page 304) and "Knowledge-Based Expert 
Systems Come of Age" (page 238) discuss topics that, in my opinion, have not 
received the coverage they deserve. А personal computer's ability to under- 
stand at least rudimentary English will be important to the future of program- 
ming. Similarly, a computer that can give advice and act as an "expert" on a 
given topic raises some profound and difficult questions. Some of these issues 
have been dealt with in science fiction, and Donald Byrd explores them in 
"Science-Fiction's Intelligent Computers" (page 200). 


Computer Shows 

I've been on the road quite a bit this spring and summer attending computer 
shows. Ав always, the West Coast Computer Faire іп San Francisco was of 
great interest, Anyone doubting the vitality of our field need only walk into 
this show to be struck by the level of enthusiasm. If you want to track the 
progress of personal computing, go to the West Coast Computer Faire and 
watch the number of exhibitors expand and the wide-eyed visitors become 
more wide-eyed each year. 

The NCC (National Computer Conference) was held in Chicago this year, 
and it was easily the most spectacular show yet. (See the two-page photo essay 
beginning on page 36.) The "star" of the show, attracting a constant 
enthusiastic crowd, was the Xerox Star terminal, which single-handedly 
advances the state of the art in terminal design Юг the office. Many of the 
system's features recall those of the Smalltalk systems (see last month's BYTE, 
devoted to the Smalltalk-80 system) I saw at Xerox PARC (the Palo Alto 
Research Center). The Star system, which will cost $16,595 for the standard 
unit, treats all documents, files, etc as concrete "objects" that can be 
manipulated by the user. Its software structure resembles a nest of boxes, each 
box containing more and more complex information about the workings of the 
system, Users need penetrate only to the box they require to do a particular 
job, thus avoiding information overload. 

Clever user-interfacing devices abound on the Xerox Star, including a 
"mouse," a mechanical box with wheels that can be rolled around on the 
desktop to position the cursor on the screen. I could go on at length about the 
features of the machine, but I must move on. Ап excellent treatment of the 
Star can be found in the April 27, 1981, issue of the Seybold Report, a twice- 
monthly report that consistently offers the field's best coverage of word pro- 
cessing, computerized typesetting, and office automation. The report costs 

Editorial continued on page 10 
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Now! Percom Drives for Heath Computers. 


Percom's now making add-on drives for your H-89 
and H-8. 

Complete drive systems will be available soon. 

If your immediate need is for add-on storage, 
check the features of our fully compatible Z drives. 

If you plan to add a complete disk system, watch 
for the imminent announcement of our double- 
density Z Controller. 

Given a choice, we think you'll choose from the 
Percom Z line. 


Add-On 2 Drives 


e Available іп 40- and 80-track densities, іп 1- and 2-drive 
color-compatible modules. 

@ All drives are rated for single- and double-density oper- 
ation. 

e Some models accommodate flippy storage, allowing 
you to flip a diskette and store files on the second side. 

e Fully tested both electrically and mechanically. Plus, all 2 
drives receive a 48-hour operating burn-in to uncover 
latent defects. Look for the signed quality assurance slip. 


PERCOM DATA COMPANY. INC. 
211 M. KIRBY GARLAND, TEXAS 75042 
(214) 272-3421 


Toll-Free Order Number. 1-800-527-1592 


©1981 PERCOM DATA COMPANY, Inc. 
PERCOM, ZFD-40, ZFD-80 and ZFD-100 are Irademarks of Percom Data Company. 


е Low prices: Fully assembled and tested, one-drive units 
start at only $399, two-drive units from only $795. 


2 DRIVES FROM PERCOM: THE BEST ONES FOR YOUR ALL-IN-ONE 


Number Formatted 
Tracks Strg. Cap. | 
Model one side | Features 

2FD-40"™ 40 102K 180K | Low price, fast step time 
2FD-80™ 80 205K 364K | Max. stg., fast step time 
2FD-100™ 40 102K 180K | Flip-side diskette storage 
SYSTEM REQUIREMENTS: H-89 or H-8 computer with 16 Kbytes of RAM, 
Heath first-drive disk system, Heath disk-operating system and drives in- 


terconnecting cable. (Two-drive interconnecting cable optionally available from 
Percom). -80 drives include a program patch on diskette to modify HDOS 
for 80-track operation. 


PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 


Available Soon! 
Percom's Low-Cost Double-Density Z Controller. 


Yes... Га like to know more about Percom Z drives and the 
2. Controller. Rush me free literature. 


Send to 
PERCOM DATA COMPANY, Inc., Dept. 26 
211 N. Kirby St. Garland TX 75042 


MAIL TODAY! BO} 
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$175 a year, and subscriptions are available by writing 
Box 644, Media, Pennsylvania 19063. 

In contrast to the Star, the recently unveiled Xerox 820 
personal computer (see page 441) is disappointing. It's a 
competently designed machine but very "plain vanilla," 
sporting а 280 processor, CP/M, two 5%-inch floppy 
disk drives (which give the user a paltry 92 K bytes of 
unformatted storage per floppy disk), and no high- 
resolution graphics. What the 820 does do, however, is 
give Xerox a foot in the door of the under-$3000 market. 
And one cannot deny the importance of the 820's ability 
to interface with the Ethernet system, Xerox's informa- 
tion network that will most likely become the standard 
for high-end local networks. We'll have more informa- 
tion about the 820 in upcoming issues. 


Japanese Market 

Senior Editor Gregg Williams and I recently spent ten 
days in Japan attending the Tokyo Microcomputer Show 
and visiting more than ten companies that produce, or 
are about to produce, personal] computers. The level of 
interest in the microcomputer in Japan is astounding, and 
the trip was a revelation. We will be reviewing many new 
Japanese machines and analyzing their effects on the 
American marketplace in a special issue of BYTE to 
appear early in 1982. Watch for it. In addition, we will 
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Circle 59 on inquiry card. 


present a roundup of new American hardware in the 
January 1982 issue. 

The question of the hour seems to be "Are the Japanese 
going to dominate the American personal computer 
market?" My immediate answer is "No." It takes time to 
develop distribution networks and become established in 
this highly technical market—it's not the same as the 
automobile market. But if ever I had any doubts that the 
Japanese had entered our field in earnest, the doubts were 
dispelled during the trip. Yes, the Japanese face many 
obstacles. [In order to create word-processing software, 
they need more familiarity with our typewriter- 
dominated office systems and more sensitivity to the need 
for good software and good documentation. І have no 
doubt that the Japanese will surmount these obstacles, 
and in fact they are quietly doing just that. According to 
an old Japanese saying, "It is the wise hawk that hides its 
talons." The talons are now hidden, but they will come 
out in time. 


Coming Up 

The coming year is going to be exciting at BYTE. We're 
expanding our staff to be more responsive to our readers. 
I'm pleased to say that BYTE's circulation has topped the 
200,000 mark and continues to climb rapidly. We 
appreciate your feedback, especially in the form of 
BOMB votes for your favorite articles. (See the reader 
service card at the back of the magazine for an explana- 
tion of BYTE's BOMB.) 

One of our major projects this year has been 
transforming onComputing magazine into Popular Com- 
puting, a new monthly magazine that will appear this 
November. It's designed for the nonspecialist and will 
cover the entire spectrum of popular computing for the 
benefit of professionals, business people, educators, and 
interested laypeople. We're particularly proud of the new 
Popular Computing staff stationed around the country to 
keep readers up to date. 

What's in store for the coming year? We'll have 
coverage of the new personal computers from the big 
mainframe companies, plus special issues about human 
engineering, interactive videodisks, computers in 
business, local networks (next month), computers in the 
humanities, games, computers for the disabled, and 
much more, including our extensive review section for 
hardware and software. 

Incidentally, I took a look at the new computer science 
books that have come in for review, They make a 
stultifyingly large pile, and the stack of new software isn't 
much smaller. But we're working to keep ahead of the 
game. 

Another perennial interest at BYTE is computer 
graphics. By the time you read this, I will have attended 
the ACM's SIGGRAPH conference in Dallas. Watch for a 
full report featuring some of the most exciting graphics 
we've ever seen. Ш 
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Reddy Chirra improves his vision with 
an Apple. 

Reddy is an optical engineer whos 
used to working for big companies and using big 
mainframes. 

But when he started his own consulting 
business, he soon learned how costly mainframe 
time can be. So he bought himself a 48K Apple II 
Personal Computer. 

And, like thousands of other engineers 
and scientists, quickly learned the pleasures of 


cutting down оп shared time 
own tamper-proof data base. 

His Apple can handle 
formulas with up to 80 vari- 
ables and test parameters on 
250 different optical glasses. 

He can even use BASIC, FORTRAN, 

Pascal and Assembly languages. 

And Apples HI-RES graphics come in 
handy for design. 

Reddy looked at other microcomputers, but 
chose Apple for its in-depth documentation, 
reliability and expandability. 

You can get up to 64K RAM in an Apple II. 
Up to 128K RAM in our new Apple Ш. And 
theres a whole family of compatible peripherals, 
including an [EEE-488 bus for laboratory 
instrument control. 

Visit your authorized Apple dealer to find 
out how far an Apple can go with scientific/ 
technical applications. 

Itll change the way you see things. 


The personal computer. а рріс 


and having his | 


For the authorized dealer nearest you, call (800) 538-9696. In California, call (800) 662-9238. Or write: Apple Computer Ine., 10260 Bandley Dr., Cupertino, CA 95014. 
Circle no. 3 for more information or Circle no. 25 for special OEM inlormation 


SOFTWARE 
DEVELOPMENT 
TOOLS FOR 

INDUSTRY 


В СРМ CROSS-ASSEMBLERS 


Fast, comprehensive cross-assemblers 
to run under CP/M.* Extensive pseudo- 
ops include full listing control, nested 
conditonals, mnemonic synonyms, and 
inclusion of external source files. Gen- 
erate object file, assembly listing, and 
symbol table from source code for nine 

popular microprocessor families. 
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Assemblers .... $200.00 each 
Manual only.... $25.00 


8048 DEVELOPMENT PACKAGE 


Now you can use the 8048 family of 
single-chip microcomputers without | 
buying expensive equipment. Develop 
8048 software with the XASM48 cross- 
assembler. Then plug our EPR-48 board 
into your S-100 system to program the 
8748 EPROM version. (Similar packages 
№ for 8051 and TMS9940E coming soon.) 


8048 Development Package ... $574.00 
EPH-48 alone ......... Mme $449.00 


PROM EMULATOR BOARD 


PSB-100 PROM Emulator is an S-100 
board with up to 8K of RAM. Cable with 
24-pin plug replaces PROM(s) in your 
тас ай system for instant program test- 
ng. 


PSB-100 PROM Emulator .. $445.00 w/ 
2K RAM 


"Trademark o! Digital Research 


804 south state st. 
dover, delaware/19901/302-734-0151 


Visa and Mastercharge accepted. We ship on | 
8" single-densily. Ask us about other formals. 
, OEM AND DEALER INQUIRIES INVITED. 
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Debug dedicated systems quickly. Our 
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MIT Defends Logo Pollcy 


This is in response to Mr Stephen Hain's 
letter, which appeared in the August 1981 
BYTE and which raised questions about 
the release and distribution of the MIT 
Apple Logo programming language. (See 
"Unpublished Apple Logo," page 32.) 

As correctly noted in the original BYTE 
article ("Logo for Personal Computers," 
by Harold Nelson, June 1981 BYTE, page 
36), the development of the MIT Apple 
Logo programming language was spon- 
sored in part by the National Science 
Foundation (NSF). Discussions between 
MIT and NSF with respect to mechanics 
of release and distribution have been 
underway. Licensing authority has now 
been formally requested by MIT: and, as 
soon as permission is granted, it is the in- 
tention of MIT to complete licensing ar- 
rangements that will ensure the broadest 
possible dissemination of this important 
programming language. 


Kenneth А Smith 
Associate Provost 
MIT 

545 Technology Sq 
Cambridge МА 02139 


Comments on 
Software Piracy 


The following comments by our readers 
were solicited through Chris Morgan's 
May 1981 BYTE editorial "How Can We 
Stop Software Piracy?" 


I commend Chris Morgan and BYTE for 
addressing a subject too frequently over- 
looked. Software piracy has, indeed, 
reached an appalling level, while some- 
how retaining an odd sort of tacit protec- 
tion—that of being a "gentleman's" crime. 

Chris Morgan's statement that "soft- 
ware piracy ... is not just illegal—it's 
unethical" couldn't have been more to the 
point. It is unethical. Shamefully so. То 
those who attempt to protect their works, 
this can't be stressed enough. The courts 
and various legal bodies are slow, but 


they are working toward resolving some 


of the piracy problems. Many talented 
people are working madly devising clever 
tricks to prevent the theft—all because 
there are those who think it's better to 
have something for nothing than it is to 
ethically exchange with those who 


worked hard to produce something of 
value, 

No doubt the thieves have justified their 
actions. Maybe they think the “systern” is 
unfair; maybe they think they can’t afford 
the programs they so dearly want; maybe 
they don’t even think at all, But one thing 
is certain: they haven't developed soft- 
ware packages themselves and then had 
them ripped off to the tune of thousands 
of dollars, That much we know. 

It's a shame that one's fellow man is 
called upon to police another, One would 
like to believe that we're fair and honest 
people. It appears not all of us are. Hence, 
in addition to the efforts of our legislators 
and programmers, those ethical souls who 
learn of piracy need to do something ef- 
fective about it, If simple reasoning with a 
software pirate won't do it, then reporting 
the matter to the developer just might. 
While contrary to the childhood dictum 
"don't be a tattletale," it could help to cur- 
tail a growing cancer in the industry. 

The Association for Software Protec- 
tion (ASP) is a newly formed group dedi- 
cated to eradicating the piracy problem. 
At present it is addressing—in the 
main—the problems faced at the mini- 
computer level, Nevertheless, the piracy 
problem branches across all levels, and 
any group or individuals interested in 
Organizing an antipiracy microcomputer 
group are invited to contact ASP. 

In addition to my activities with ASP, I 
am the Software Protection Director at 
Mini-Computer Business Applications in 
Glendale, California. 


Robin Robinson 
Association for 
Software Protection 
10143 Leona Ауе 
Tujunga CA 91042 


Chris Morgan's and ВҮТЕѕ concern 
with software piracy is well placed, and 
BYTE's coverage is excellent, but there are 
wider perspectives to add. 

For millennia, humanity moved around 
picking and chasing things to eat. The 
Agricultural Revolution meant the com- 
plete transformation of social arrange- 
ments, which resulted in the invention of 
private property, towns, political institu- 
tions, writing, ruling classes, fortifica- 
tions, the ownership of land, etc. 

Things were like that for a few millen- 
nia more. For the last couple hundred 
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УГ Padio Shack 


Disk Storage: 


А dependable disk system 
means everything to the high- 
performance operation of your 
computer. Аі Percom, we know 
this. And we do something 
about it. 

For example, the connectors 
on our TFD drive systems are 
gold plated. 

Why? Because solder-plated 
contacts oxidize, forming an in- 
sidious insulation that can 
cause erratic operation. And 
then total failure. 

Gold-plated connectors are 
just one way we make better 
drive systems than the competi- 
tion. 


Now ЖІ for the Model III 


Quality Percom TFD drives provide more 
features, cost less. Add-on drives start at 
only $439.00. Complete First-Drive Sys- 
tems start at only $749.95. Features: 
"Flippy" Capability — Record your 


To order products, or for the name of j 
authorized Percom retailer, call toll Dok 


1-800-527-1592. 


PERCOM DATA COMPANY, INC. 
211 M. KIRBY GARLAND, TEXAS 75042 


(214) 272-3421 


“trademark of Ретсота Data Company, Inc 


“trademark of Tandy Radio Shack Corporation which has no relationship io Perom Dalia Company 


It’s No Place to Compromise. 


programs and data on either side of a dis- 
kette. Greater Storage Capacity — 
Store 180 Kbytes — formatted — on one 
side of a 40-track TFD drive. Store over 
twice as much on a ТЕР 80-track drive. 
Think Megabytes — Your TFD drive 
controller will handle up to four drives. 
You can access almost 1.5 million bytes 
of on-line program and data files. Either 
Add-in or Add-On — Your TFD First 
Drive System can be either internal 
(add-in) or external (add-on). In either 
case, you get a complete system in- 
cluding the disk controller, drive, power 
supplies and disk-operating software. 
BASIC-Lanquage DOS — Included on 
diskette with each First Drive System is 
Percom's OS-80/ll"". This easy-to-use 
disk-operating system loads into 7 Kbytes 
of RAM and then frees the drive for other 
use. With О5-80% programs, you can 
have full, read-write interchangeability 
between Model | and Model IIl diskettes. 
Or Model ІП TRSDOS* — TFD 40- 
track drives work with Tandy's Model II] 
TRSDOS, without modification. For 80- 
track operation, TRSDOS can be easily 
modified with diskette patches supplied. 


Still ЖІ for the Model 1 


Besides greater storage capacities, more 
quality contro! measures and lower pri- 
ces, all Percom Model 1 drives are rated 
for double-density operation. 

Plug a DOUBLER™ in your Expansion 
Interface and enjoy the same double- 
density disk storge capacity as Моде! Ш 
owners. Included with each DOUBLER is 
a TRSDOS compatible irt 
disk-operating system. DOUBLEZA 
programs are available for upgrading oth- 
er popular DOSs for DOUBLER opera- 


tion. And our double-density version of 
OS-80™ costs just $49.95. 

Of course you don't have to upgrade 
your Model I for double-density opera- 
tion to use Percom disk drives. But it's 
nice to know you can. 

Percom drives for the TRS-80* 
Model І are available in 40-, 77- and 80- 
track versions, in 1-, 2- and 3-drive con- 
figurations. Prices start at $399.00. 
System requirements: Model ІП TFD drives work 
with a 16-Kbyte system (min) and Model Ill BASIC. 
The initial drive must be a first-drive system. Ап op- 
lional interconnecting cable is available for expand- 
ing with external drives #3 and #4. Model | TFD 
drives work with a 16-Кінде system (тіп) equipped 
with an Expansion Interface, Level Il BASIC and 
DOS soltware, and an interconnecting cable. Two- 
and four-drive interconnecting cables are available 
from Percom. 
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Yes... Га like to know more about 
the best for my TRS-80 computer. 
Send me free literature about quality 
Percom products. 

Г] Model! O Model Ill 


Send to 
PERCOM DATA COMPANY, Inc., Dept. 8 
211 М. Kirby St Garland TX 75042 


name 
streat - 
city Зы 


ар phane number 


MAIL TODAY! 
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PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 


Pick a strong partner 


A computer purchase is the beginning of a long term 
partnership between you and the people you buy from. 
Your ongoing need for software and accessories re- 
quires a partner who will stand by you with a growing 
line of products. And nowhere will you find a more com- 
plete line of hardware, software and accessories than 
at your Heathkit Electronic Center. Here are twelve 
strong reasons to make Heath/ Zenith your partner. 


1. The All-In-One Computer 


The heart of the Heath/ Zenith line is the stand-alone 
89 Computer. It's a complete system with built-in 54-inch 
floppy disk drive, professional keyboard and keypad, 
smart video terminal, two 280 microprocessors, and 
two RS-232C serial І/О ports. It comes with 16K НАМ, 
expandable to 64K. 


2. Peripherals 


These include the popular Heath / Zenith 

19 Smart Video Terminal, loaded with 

professional features. And the 74 Line 

Printer, priced as low as $495. Other 
printer brands are on display, 


including high- En 
speed, typewriter- dg | I. 


quality printers. = 


3. Software 


Word processing, includes reliable, easy-to-use 
Zenith Electronic Typing and powerful, full-featured 
WORDSTAR. 

Small Business Programs, feature General Ledger and 
Inventory Control. 


HUG, Heath Users' Group, offers members a library of 
over 500 low-cost programs for home, work or play. 


4. Programming Languages 


For your own custom programs, 
Microsoft languages are 
available in BASIC (compiler 
and interpreter), FORTRAN 
and COBOL. 


5. Operating Systems 

Three versatile systems give you the capability to per- 
form your specific tasks. 

CP/M by Digital Research makes your system com- 
patible with thousands of popular CP/M programs. 
UCSD P-System with Pascal is a complete program 
development and execution environment. 

HDOS, Heath Disk Operating System gives you а 
sophisticated, flexible environment for program 
construction, storage and editing. 


_ TWELVE STRONG 
EATH/ ZENITH YOUR 


6. Utility Software 


Expand the performance range of your computer with 
a broad selection of utility tools, including the best of 

Digital Research and the complete line of innovative 
Softstuff products. 


7. Disk Systems 


The 8-inch Heath/ Zenith 47 

Dual Disk System adds over 2 

megabytes of storage to your 
B9 Computer. Diskettes are 

standard IBM 3740 format, double- sided, 

double-density. 

Тһе 5Va-inch 87 Dual Disk System adds 

200K bytes of storage to your B9. Both 

disk systems feature read/write protec- 

tion and easy plug-in adaptability. 


8. Self-Study Courses 


Learn at your own pace 
with Programming 
Courses that teach you 
іо write and run your own 
programs in Assembly, 
BASIC, Pascal or 
COBOL. 


А course on Computer Concepts 
for Small Business gives you 
the understanding to eval- 
uate the ways a computer 
can benefit your business. 
Personal Computing is a 
complete introduction to 

the fundamentals for the 
novice. Every Heathkit/ 
Zenith course is pro- 
fessionally designed 

for easy, step-by- 
step learning. 


All Heathi Zenith 
Computer Products 

are available completely 
assembled and tested for 
commercial use. Or in easy- 
to-build, money-saving kits. 


REASO 


STO 


AKE 


COMPUTER PARTNER 


Visit Your Heathkit Electronic Center* 


9. Expansion Options 


Communicate with the outside world through a Three- 
port EIA RS-232C Serial interface. 


Expand RAM to 64K with easy-to-install expansion 


chips. 


10. Accessories 


and parts. 
11. Service 


No one stands by you like Heath/Zenith. 
We help you get your system up and 
running smoothly. Service is avail- 
able from trained technicians, 

over the phone or at one of 56 
Heathkit Electronic Centers. 


12. Value 


Your money buys you more because 
Heath/Zenith prices are among the industry's most 


Your Heathkit Electronic Center has the 
latest in modems, black-and-white and 

color video monitors, computer furniture 

and a full line of supplies, accessories, books 


competitive. Make your own comparison and find out 


how much you can save. 


Complete, integrated computer hardware and soft- 
ware, designed to serve you and to grow with you 
— that's what to look for in a strong partner. And 
with Heath/ Zenith you get it all under 
one roof. 


All at your 
Heathkit Electronic 
Center 


Pick the store nearest you 
from the list at right, And 
stop in today for a demon- 
stration of the Heath/Zenith 
89 Computer System. If you 
can't get to a store, send 
$1.00 for the latest Heathkit* 
Catalog and the new Zenith 
Data Systems Catalog of 
assembled commercial 
computers. Write to 

Heath Со., Dept. 334-814, 
Benton Harbor, MI 49022. 


HEATH/ZENITH 


where Heath/Zenith Products are displayed, sold and serviced. 


PHOENIX, AZ 


2727 W. indian School Rd. 


602-279-6247 


ANAHEIM, CA 
330 E. Ball Rd. 
714-776-9420 


CAMPBELL, CA 
2350 $. Bascom Aye. 
408-377-8920 


EL CERRITO, CA 
6000 Potrero Ave. 
415-236-8870 

LA MESA, СА 
8363 Centar Dr. 
714-461-0110 

105 ANGELES, СА 
2309 $. Flower St. 
213-749-0261 


POMONA, CA 


1555 М. Drange Grove Ave. 


714-623-3543 


REDWOOD CITY, CA 
2001 Middlefield Rd. 
415-365-8155 


SACRAMENTO, CA 
1860 Fulton Ave. 
916-486-1575 


WDODLAND HILLS, СА 
22504 Ventura Blvd. 
213-883-0531 


DENVER, CO 
5940 W. 38th Ave. 
303-422- тар 


AVON, С 

395 W. pm St. (RI. 44) 
203-678-0323 
HIALEAH, FL 

4705 W. 16th Ave 
305-823-2280 
PLANTATION, FL 

7173 W. Broward Blvd. 
305-791-7300 

TAMPA, FL 


4019 W. omg Ave. 


813-396-2541 
ATLANTA, GA 
5285 Roswell Rd. 
404-252-4341 


CHICAGO, IL 

3462-66 W. Devon Ave. 
312-583-3920 
DOWNERS GROVE, IL 
224 Ogden Ave. 
312-852-1304 
INDIANAPOLIS, IN 
2112 E. 62nd SI 
317-257-4321 


MISSION, KS 
5960 Lamar Ave 
913-362-4486 


LOUISVILLE, KY 
12401 Shelbyville Rd. 
502-245-7811 


KENNER, LA 
1900 Veterans 
Memorial Hwy. 
504-467-632 
BALTIMORE, MD 


1713 E. Joppa Rd. 
301-661-4446 


ROCKVILLE, MD 
5542 Nicholson Lana 
301-881-5420 


PEABODY, МА 
242 Andover St. 
617-531-9330 


WELLESLEY, MA 
165 Worcester Ave. 
617-237-1510 


DETROIT, МІ 


18645 W. Eight Mile Rd. 


313-538-6430 


E. DETROIT, М) 
18149 Е. Eight Mile Rd. 
313-772-0416 


HOPKINS, MN 
101 Shady Oak Ай. 
612-936-6371 


ST. PAUL, MN 
1645 White Bear Ave. 
612-778-1211 


BRIDGETON, М0 
3794 McKelvey Rd 
314-291-1850 


OMAHA, NE 
9207 Maple St. 
402-391-2071 


ASBURY PARK, NJ 
1013 State Hwy. 35 
201-775-1231 


FAIR LAWN, NJ 
35-07 Broadway (I 4) 
201-791-6935 
AMHERST, NY 
3476 Sheridan Dr. 
716-835-3090 
JERICHO, 1.1. МУ 
15 Jericho Turnpike 
516-334-8181 
ROCHESTER, NY 
937 Jetferson Rd. 
716-424-2560 
N. WHITE PLAINS, NY 
7 Reservoir Rd. 
914-761-7690 


CLEVELAND, OH 
28100 Chagrin Blvd. 
216-292-7553 
COLUMBUS, OH 
2500 Morse Rd. 
514-475-7200 
TOLEDO, OH 

48 S. Byrne Rd. 
419-537-1887 
WOODLAWN, OH 
10133 Springfield Pike 
513-771-8850 
OKLAHOMA CITY, OK 
2727 Northwest 
Expressway 

405- 848- 7193 
FRAZER, PA 

630 Lancaster Fike 
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412-824-3564 
WARWICK, Ri 

558 Greenwich Ave. 
401-738-5150 
DALLAS, TX 

2715 Ross Ave. 
214-826-4053 
HOUSTON, TX 

1704 W. Loop М. 
713-869-5263 

ЗАН ANTONID, TX 
7111 Blanco Road 
512-341-8876 
MIDVALE, UT 

58 East 7200 South 
801-566-4625 
ALEXANDRIA, VÀ 
6201 Richmond Hwy. 
703-765-5515 
VIRGINIA BEACH, VÀ 
1055 Independence Blvd 
804-460-0997 
SEATTLE, WA 

505 Bih Ave. М 
206-682-2172 
TUKWILA, WA 
15439 53rd Ave. 5, 
206-246-5358 
MILWAUKEE, WI 
5215 W. Fond du Lac 
414-873-8250 
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years, however, most people have run 
machines, Ás we see and know, every 
society and culture in the world has been 
thrown into turmoil because, once again, 
the world is changing rapidly. 

"Classic" economics is based on та- 
terial commodities: if there are you and 
me and a loaf of bread, either you get it, 
or Í get it, or we split it, No existing school 
of economics, however, deals with the 
fact that if you give me some information, 
you still have it. Material commodities get 
"thinner" when spread out, while infor- 
mation gets "thicker" as it's spread out, 

Two-thirds of the jobs in the United 
States are informational. Money, proper- 
ty, and many other foundations of society 
have begun transmuting. Software piracy 
is a logical area for difficulties to emerge 
first, Where else can you go into business 
selling pure thought? 

The more we are aware, and the more 
we examine and discuss the big implica- 
tions, the less surprised we'll be. 


Nei] Rest 
1457 Gregory 
Chicago IL 60640 


Congratulations to Chris Morgan for 
his timely attention to the software-piracy 
controversy. The following specifications 
may Бе useful in evaluating solutions pro- 
posed for this problem: 


eThere shall be no realistic means for 
defeating the protection mechanism, ге- 
gardiess of the attacker's technical 
sophistication or familiarity with the 
design of the software-protection system. 
eThe software product shall not have to 
be customized for each licensee. 

ө The user shail have to purchase one, and 
only one, hardware device to use ай pro- 
tected software. Once this device is at- 
tached to the computer, the user shall be 
able to forget it exists. 

e The device shall be the same, regardless 
of the computer system with which it is 
used; and it shall be compatible with ex- 
isting computer systems. 

eThere shall be no degradation of the 
reliability or versatility of a computer 
system as a result of this device. 

eThe cost of the device shall be minor 
compared to the cost of the least expen- 
sive (but practical) system on which pro- 
tected programs will be used. 

e The logistical support of the protection 
system shall require no effort on the part 
of the software publisher. 


e The system shall restrict the use of pro- 
tected software to the licensed user for a 
licensed period of time. 


1 would appreciate the comments of 
BYTE's readers on the applicability and 
completeness of these specifications. At 
Salcris Corporation, we are currently 
field-testing our Chrono-Guard Software 
Protection System, which meets these 
specifications. Software protection is our 
only business and, while we believe we 
have a carefully thought-out solution to 
the industry's problems, we value con- 
structive criticism. 


Thomas C Donald 
President 

Salcris Corporation 

1 Office Park Cr 
Birmingham AL 35223 


In the May 1981 BYTE there were 
several excellent articles on what I regard 
as one of the most severe problems facing 
the computer-software industry today— 
theft of software. (See Chris Morgan's 
"How Can We Stop Software Рігасу1", 
page 6; Christapher Kern's "Washington 
Tackles the Software Problem," page 128; 
and Stephen Becker's "Legal Protection 
for Computer Hardware and Software,” 
page 140.) ] know of several companies, 
mine included, that will not sell packaged 
software because of the theft problem. 
The constant “reinvention of the wheel" 
that results from the reluctance to sell 
software is one of the leading factors con- 
tributing to the already poor productivity 
of the industry. If we are not to stagnate 
and allow foreign competition to steal our 
software lead, an early solution to this 
problem must be found. 

One article mentioned several rather 
complex hardware solutions that are cur- 
rently proposed to help solve the prob- 
lem, While most of the hardware dis- 
cussed would provide more or less proces- 
sor-independent solutions that wauld re- 
quire no industry-wide effort to help solve 
the problem, I feel that these efforts will 
lead to an expensive and relatively inse- 
cure solution. The cheapest and most 
reliable answer is not a hardware solution 
(although hardware must play a key role), 
but "self-protecting" software. 

How can software be made to protect 
itself? Well, I am not aware of any proces- 
sor on which this is posslble today, but a 
minor processor modification could easi- 
ly, cheaply, and effectively accomplish 
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Ш 7114 12K ROM/PROM 
B 7470 A/D Converter 
Ш 7490 GPIB IEEE 488 Interface 
№ 7710A Asynchronous RS-232C 
DCE Interface 
@ 77100 Asynchronous 
Communications Interface 
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RS-232C DTE Interface 
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Interface 
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Printer Interface 
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Processor 
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inexpensive tools to expand the capa- 

bilities of Apple II computers. Available 

through 921 computer retailers nationaily. There's 
one near you, 


Apple, Apple i! are trademarks of Apple Computer Corporation. 


California Computer Systems 


250 Caribbean Drive 


sunnyvale, California 94086 
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this. The biggest problem will be to get 
everyone to cooperate and adopt а stan- 
dard approach. 

ІВМ was on the right track to solving 
the problem several years ago, but some- 
one, somewhere, dropped the ball, and 
the solution became only half-imple- 
mented, Anyone who has ever done some 
systems programming work on an IBM 
5/370 is probably aware of the privileged 
instruction "STORE PROCESSOR ID." 
This instruction provides systems pro- 
grams with the processor serial number 
and other system information, such as 
whether VM/370 is the system-control 
program, etc. This instruction provides 
system-level programs (and even 
microcode) some degree of theft protec- 
Чол, although its primary purpose 15 to 
provide a method by which system pro- 
grams can determine what model pro- 
cessor is being used. The big problem 
from the applications program side, 
which is where ІВМ left the scene, is that 
there is no easy method to access the in- 
formation provided by this instruction. 

То solve the software-theft problem, 
the entire industry must provide some 
method by which the user's application 
program can determine such information 
as the make, model number, and serial 
number of the host processor. Additional- 
ly, it must be constructed in a manner 
such that it would be next to impossible 
for the user to modify the factory-sup- 
plied information. The addition of one in- 
struction to the processor repertoire 
would undoubtedly increase the cost of 
the hardware, but the increase would not 
even approach the price of the cheapest 
protection method that | have seen pro- 
posed. The only disadvantages to this ap- 
proach are that it would not be easily ap- 
plicable to existing systems (most of 
which will probably not be around more 
than five years anyway, so why worry?) 
and it would preclude the distribution of 
source code (you would not want some- 
one to discover how you encrypt the pro- 
cessor ID and check against the licensed 
processor [D). 

| welcome апу comments. 


Jon R Kibler 

President 

Southeastern Computer Services Inc 
POB 160124 

Mobile AL 36616 


Chris Morgan's May 1981 BYTE 
editorial mentioned a software-protection 
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MAKING MINIS OUT OF MICROS. 


Here's the system builder's 
solution for successful computers 
and applications. Push in the CCS 
component. Push in the operating 
software. And push on with your ap- 
plication. CCS systems and compo- 
nents are designed to go together 
quickly, and to keep running reli- 
ably, with a proven return rate of 
less than 196. 

And you get performance. The 
systems deliver hardware vectored 
interrupts and the capability to inter- 
leave DMA data transfers with rates 
as high as two megabytes per sec- 
ond, plus bank select memory of up 
to 512K bytes. This 8-bit system pro- 
vides single user, multiuser, and 
multitasking capability with ample 
speed to prevent operator waiting or 
loss of incoming real-time data. 

The systems are available with 
CP/M or MP/M operating systems. 
For real-time or multiuser applica- 
tions, the CCS OASIS real-time 
multitasking operating system sup- 
ports re-entrant programs and 
relocatable code modules, with 
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facilities for task-to-task communi- 
cation, file protection, time-of-day 
bookkeeping, spooling, task overlay, 
dynamic memory management, 
ISAM file structures and device- 
independent I/O. CCS OASIS in- 
cludes debug, text editing, linkage, 
and file sort utilities; the system 
supports a host of existing lan- 
guages, applications, and utilities 
from a range of vendors. 

Powerful computer systems you 
can configure to your demanding 
requirements quickly, and with con- 
fidence. Choose from a variety of 
systems. Expand with CCS board- 
level modules for memory, disk con- 
trol, high-speed arithmetic, and VO, 
plus subsystems for floppy and hard 
disk storage. 

If you sell, install, or use com- 
puter systems, you should know 
more about the CCS product line. 
We've got a lot more to tell. Tear 
out and return the coupon for more 
information. Or call. 


CP/M and МР/М are tradamarks of Digital 
Resesrch. OASIS is a trademark o! Phase One 


Systema. 


Letters 


scheme based on encrypting programs. 
Since mid-1979, all Sentinel computers 
have used a somewhat more convenient 
scheme. In our systems (based on one or 
more Intel 8086s) the machine's serial 
number is available to the operating sys- 
tem. The operating system recognizes en- 
crypted application programs and uses the 
serial number as a key to decrypt them as 
they are loaded from floppy-, Win- 
chester-, or bubble-memory-disk storage, 
This protects Sentinel's investment in 
our comprehensive set of financial ap- 
plication programs and lets us give our 
distributors and end users utility pro- 
grams that can copy any of our software. 
We also give Sentinel distributors the 
tools to encrypt their own programs. 


Vernon ] Schryver 

Product Development Manager 
Sentinel Computer Corporation 
9902 Carver Rd 

Cincinnati OH 45242 


[ read Chris Morgan's editorial on soft- 
ware piracy with interest, The two sides 
of the software protection/duplication 
controversy were drawn as "the vendor's 
need for security" versus "the user's need 
for backup copies for reliability." 

My experience with software products, 
both large and small, has revealed an even 
greater need on the part of software pur- 
chasers than that of backup copies. This 


need is for modifiable and configurable | 


software. А few years ago, most small- 
computer systems were either home-built 
or installed and used without modifica- 
tion from the time they left the factory. In 
the case of personal computers, peripher- 
als were few and were usually made or 
distributed by the frame manufacturer, 
Things are different today —and this has 
given rise to the need for user-configur- 
able software. 

For example, my firm's Apple II com- 
puter contains interface cards for four 
peripheral devices; the disk system, 
printer, modem, and an 80-column video 
card. Only one of these is an Apple Com- 
puter product. Nearly every software 
product we have purchased has required 
reconfiguration—sometimes а lengthy 
project —to support these devices. 

[ am very reluctant to purchase any 
software packaged on a copy-protected 
disk, an "unreadable КОМ,” or otherwise 
immune to modification to suit our needs. 
Vendor support of nonstandard hardware 
is an admirable goal, but we realize that it 
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One Man's Dilemma 

l would never break into a computer 
store and steal a disk drive, a printer, 
or a processor card. After all, I'm a de- 
cent, intelligent, honest person. 1 teach 
my children the value of personal in- 
tegrity, and I pride myself on ту 
honesty. І never keep overpayments. I 
pay my taxes. | even spent over six 
months convincing a large department 
store that 1 owed it money when it 
couldn't find any record of the transac- 
tion. I don't allow my children to make 
audio-tape copies of records for each 
other. After ten years in the entertain- 
ment índustry, І know how valuable а 
copyright is to a performer. 

5o, how did 1 become a software 
thief? 

It started when ! sold my Altair 
Tarbell cassette machine and upgraded 
lo a North Star disk-based system. 1 
knew when 1 got the system from a 
friend that he had piles of software to 
supply in the deal. That was the main 
reason 1 worked with him—to get the 
software. There were about twenty 
disks full of BASIC games, business 
programs, and a word processor. A 
neat little assembler and disassembler 
were included, although my primary 
interests were word processing and 
BASIC. I rationalized it this way: 1 
would never do any commercial work 
using any of the programs. 1 was just 
learning—sort of "test driving." If I did 
decide to do any serious programming, 
l would purchase what I needed to 
keep everything legal. 1 was, after all, 
an honest man. It worked too well and 
fer too long. 

lt wasn't very long before 1 had 
forgotten my commitment; moreover, 
I wasn't doing any serious work on my 
computer, I did buy an updated ver- 
sion of North Star BASIC from the fac- 
tory, which sort of made me legiti- 
mate. Things were stable for about a 
year, with no exchanging or sharing. 

Then, I had a letter published in a 
magazine where I casually mentioned 1 
would be interested in exchanging pro- 
grams. Before 1 knew it, І had а grow- 
ing file of others interested ín "sharing" 
what they had. This list eventually 
focused on an individual in Michigan 
who seemed very generous and quite 
sincere ín helping me not only get soft- 
ware, but in getting it up and running. 
Over a three-month period this rela- 


tionship blossomed into a friendship. I 
was very grateful to this person. I was 
doing most of the receiving amd only 
minimal giving, but he didn't seem to 
mind. There are people who get plea- 
sure out of helping others. 

I was about to submit a software 
review to a magazine when 1 was con- 
fronted with the stark truth: I was a 
thief. I don't know if the fear of being 
found out is what motivated me to 
take а long, serious look at my past ac- 
tions. But whatever it was, I was faced 
with three problems: 


в! had received stolen goods. 

e] required these stolen goods every 
time І turned on my computer. This 
meant that if I decided to change my 
position, 1 would have to purchase a 
license and become a legitimate user of 
several hundred dollars’ worthof pro- 
grams. 

eThe explanation I would have to give 
to my Michigan buddy. How could 1 
take his generosity and tell him that, 
for me, it had become criminal? 


Г prepared a letter, and, as fate 
would have it, he called me while it 
was in the mail. I had to tell him what I 
had spent so much time carefully 
wording. 1 felt trapped. Finally, ! 
began to unfold how 1 felt about ex- 
changing software. ! explained that 
mine was a unilateral decision and 
wasn't meant to push him into a 
similar repentant attitude, [t was 
wrong for me but hot necessarily 
everybody. The words came out, and 
he seemed to take it very well and 
understand my position. It was several 
months before I heard from him again. 
When 1 did, he wasn't very friendly. It 
was an impossible situation. 

This is the number one problem in 
stealing software: You cannot do it 
alone. Someone knows you will com- 
promise your values if the price ts 
right, Maybe even worse, you know 
you are helping other people com- 
promise their values. 

During this particularly difficult 
time for me, I remembered something 
my dad had told me when I was a boy, 
We had just left a friend's ranch after 
hearing how he had been paid for two 
cases of eggs he never delivered. My 
dad said, "If a man will cheat 
somebody else, he will cheat you." 
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With a Toshiba Very Small 
Business Computer or Word 
Processor, you'll never worry 


about obsolescence and reliability. 


That's because they're designed 
to meet not only the industry's 
software and operating standards, 
but our own high standards of 
quality and dependability. 

With Toshiba, you can rest 
assured knowing you'll get day- 
in, day-out dependability built 


right in. We build , 
most of the 
components 
ourselves... 
which gives us 
complete control 
over quality, reliability, 
and performance every step 

of the way. 

And Toshiba now offers you a 
fully developed and comprehen- 
sive dealer program based on our 
high standards of quality, 
reliability, and deliverability. 
Which means you can build your 
product line . . , and your profits. 

So when you're looking for a 
reliable, well-thought-out VSBC or 
Word Processor, remember the 
name Toshiba. Our standards are 
as high as yours. 


TOSHIBA 


type of printer: cay wheel риш 
printing speed: 45 characters/sec 
print pitch: 10/ Vene us spacing 


T200/ T250 


mds  64KB 
display c capacity: 80 characters х 24 lines 
floppy dis Ju x yu" 


storage Ue Tagh: 280KB х 2 
T250: IMB X 2 

printing speed: 125 characters/sec, 

characters per line: 136 characters 

Software 

CP/M*, Microsoft BASIC-80, CBASIC™ 


CP/M" is а registered trademark of Digital Research, Inc. 
CBASIC Ів a trademark of Compiler Systems, inc. 
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cannot Бе depended on in all situations. 
The most reliable and useful software that 
І have purchased runs under a standard 
operating system and is easily modifiable 
by means of a configuration program or a 
copy of the source code. 

More than once, І have decided not to 
purchase a desirable software product 
when 1 became aware that it did not sup- 
port our system configuration and was 
packaged in a copy-protected form. Sure- 
ly the revenue lost to vendors in this man- 
ner is as significant as that lost to 
"pirates." 

Our firm plans to enter the small-com- 
puter-software market through direct and 
retail sales, BYTE readers should be as- 
sured that our programs will be fully ac- 
cessible, modifiable, and packaged with 
source code whenever feasible. 

Yes-—we'll be vulnerable to piracy. But 
I believe that the solution to the software- 
piracy problem is increased vendor sup- 
port (rendering pirated copies less valu- 
able) and vigilant enforcement of protec- 
tive laws, rot making software products 
less accessible to the user. 


Michael C Berch 
Managing Partner 
Southside Systems 
2424 Haste St 
Suite А-40 
Berkeley CA 94704 


I would like to comment on the May 
1981 BYTE editorial and the two articles 
on the subject of software piracy. There 
are two sides of every fence, BYTE took 
the side of the software provider; let me 
take the side of the user. 

| purchased an Apple 1I, disk drives, 
video monitor, printer, modem, etc, plus 
about $1000 worth of software for busi- 
ness use. This is not my hobby, and [ have 
no intention of becoming any more of an 
expert with computers than [ must to 
achieve my purpose, 

From my standpoint, the price of all of 
this stuff is so low that there is absolutely 
no point in messing around either with pi- 
rates or in doing it myself. Even the book- 
keeping and inventory-control programs, 
at $600 to $1000 or more, pay for them- 
selves in a few months, If the minicomput- 
er manufacturers could ever get their act 
together, the business-software market 
would dwarf their present endeavors. (I 
think that the Japanese will do the job for 
them, and Apple will wind up back in the 
old garage along with the others.) 
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Text box continued: 

There is no sacred bond above which 
all transactions are honest and below 
which honesty is negotiated. 

I sent away for the software 1 re- 
quired to keep writing. As luck would 
have it, 1 had been legitimately given 
two key pieces of software, that were 
mine to keep, in return for providing 
reviews to magazines. So as it tumed 
out, 1 had won and I had lost. Cleaning 
up my act didn't cost me as much as I 
thought it would; however, 1 lost a 
friend. I consider that loss the highest 
price to pay for my transgression. 

I'm sure there are those who will be 
critical and demand I pay for the soft- 
ware 1 used for the two years. All] can 
say is that I've given it careful thought 
and I feel comfortable with my current 
situation. 

Foolproof, protected software is fic- 
tion and will never be reality because it 
has nothing to do with technology. It 
has to do with the human condition. 
There always will be people who will 
compromise integrity for material 
gain. And there will be those, like 
myself, who will slip past honesty and 
into what they often call a "gray area" 
before they get their heads out of the 
sand and take responsibility for their 
actions, And, thank God, there are a 
handful whose integrity will not 
waiver, As long as this human condi- 
tion exists, there will be no perfect 
system for software protection. 


] have two Apple programs that pro- 
vide access to the Dow Jones data base for 
the purpose of obtaining securities quotes, 
keeping track of portfolios, and the like. 
One program is written in BASIC, is user- 
accessible and, with some user modifica- 
tions, works like a charm. The other pro- 
gram is "locked." It doesn't work. 

Apple has a disclaimer in its program 
manuals absolving them of all respon- 
sibility. So far, Apple hasn't abandoned 
me, but it's taking its own sweet time 
about coming up with a fix. When and if a 
fix comes through, no field modification 
by the user will be possible. I have a pret- 
ty good idea what the problem is and if 1 
could gain access to the program, I could 
probably fix it myself in a short time. This 
way it will take weeks or months, if it gets 
fixed at all. ] think the denouement is that 
a determined and knowledgeable pirate 
will succeed no matter what, while the 


There are, perhaps, only two 
reasons for maintaining personal in- 
tegrity. One is the fear of being 
discovered and exposed—or worse, 
punished. An idea I read a year or so 
ago suggested that a bounty on pirates 
тау be the most workable tool to en- 
force this first reason. I don't like this 
idea; there are too many holes in it. 
But it does seem the most effective way 
to put the fear of being caught into 
pirating, 

On the other hand, there is the 
moral fiber within each of us that 
merely needs to be awakened to be- 
come strong and effective. Careful ex- 
amination of your situation with a 
critical eye on what you know to be 
right and wrong will certainly expose 
any deficiencies. It then becomes а 
matter of pricing your integrity and 
remembering that you can't steal soft- 
ware by yourself. Yes, the process of 
evaluating the circumstances is simple, 
The difficulty of implementation will 
likely be directly proportional to how 
deeply involved you are ín stealing. 

Drop me a postcard —anonymously, 
if you prefer—and let me know your 
feelings. 


Eugene Dorman 

c/o BYTE Publications Inc 
POB 372 

Hancock NH 03449 


honest and legitimate user, like me, takes 
it on the chin. 


Adolph L Friedman 
POB 2856 
Santa Fe INM 87501 


I disagree with Chris Morgan's editorial 
on software piracy. It seems that the soft- 
ware expert has a stranglehold on the per- 
бола! computer, His hand is ciutched 
around my wallet and he is squeezing for 
all it is worth. 1 don't like that. In the 
capitalistic system, competition brings the 
price in line. Software is a monopoly, and 
Mr Morgan's concern is like government- 
secured loans to Chrysler. 

Why not let the software people pro- 
vide more flexibility to the user? Jf the 
software is easier to obtain and more 
reasonably priced, a larger number of 
people would own personal computers. 


Most smail system users think all micro- 
computers are created equal. And they're 
right. If you want performance, convenience, 
styling, high technology and reliability (and 

10 doesn't?) your micro usually has a price 
tag that looks more like a mini. It seems big 
performance always means big bucks. But 

ot so with the SuperBrain! 

Standard SuperBrain features include: twin 
louble-density 514” drives which boast nearly 
150,000 bytes of disk storage — expandable 
0 10 megabytes. А full 64K of dynamic 
1AM. A CP/M* Disk Operating System to 
nsure compatibility to literally hundreds of 
ipplication packages presently available. And, 
1 12" non-glare, 24 line by 80 column screen. 
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You'll also get a full ASCII keyboard with 
an 1B key numeric pad and individual cursor 
control keys. Twin RS232C serial ports for 
fast and easy connection to a modem or 
printer. Dual 780 processors which operate 
at 4 MHZ to insure lightning-fast program 
execution. And the list goes on! Feature after 
feature after feature. 

Better yet, the SuperBrain boasts modular 
design to make servicing a snap. A common 
screwdriver is about the only service tool 
you'll ever need. And with the money you'll 
Save on purchasing and maintaining the 
SuperBrain, you could almost buy another one. 
For under $3,500, it is truly one of the most 


remarkable microcomputers available anywhere. 


Whether your application is small 
business, scientific, educational or just word 
processing, the SuperBrain is certainly an 
exciting solution to the small computer 
problem. And since you can easily expand it, 
you ll probably never outgrow it. 

Call or write us today for a complimentary 
сору of our “SuperBrain Buyer's Guide." We'll 
show you how you can get big system per- 
formance without having to spend big bucks. 


=|= INTERTEC 
IIL. DATA 
== SYSEMS. 


2300 Broad River Ad. Columbia, SC 29210 
(803) 798-9100 TWX: 810-665-2115 
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Letters- 


That in itself would increase the market 
for software. The broader the base of peo- 
ple using computers, the greater the varia- 
tions and the need for software. 

What Mr Morgan proposes is like Ex- 
xon buying up the "good gas-mileage car- 
buretors" before they get to market. It 
sounds to me that Mr Morgan is trying to 
protect the pirates, 


Brigg Leurs 
436 N 1050 E 
Kaysville UT 84037 


It seems to me that the solution to soft- 
ware piracy has been evident and used for 
a considerable time by BYTE's parent 
company, McGraw-Hill. Hundreds of 
man-hours can be used in the writing and 
debugging of a program, and this can be 
translated into cost and selling price, the 
same as any other commodity. 

The Osborne Accounting System, for 
example, has a finite value, The disks for 
each program are available at a very low 
price, even as low as $8, from one of 
BYTE's advertisers. However, the com- 
prehensive and beautifully published 
manuals that include the source code can 
be purchased for $20. You could not 
photostat one of these manuals for less 
than this price. Therefore, you buy it. 

It would be interesting to know how 
many manuals the McGraw-Hill Book 
Company has sold and what the income 
has been, per program. [тп sure this 
shows one solution: give the disk away 
and sell the manuals, like the old stunt of 
giving the razor away, but selling the 
blades. All of the methods for "locking in" 
programs and "locking out" software 
pirates are rather foolish. Everyone 
knows that you can access every byte on 
every track, change the ID and password, 
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disassemble, and transfer from one system 
to another. 


А А Schwartz 
6454 El Camino Del Teatro 
La Jolla СА 92037 


The antipiracy devices mentioned in 
Chris Morgan's editorial are quite in- 
genious, but like all human inventions, 
they are fallible. I wonder if BYTE readers 
would like to reconsider the whole ques- 
tion of "software protectionism" at a more 
elementary level, 

1 can identify at least three basic "in- 
stincts" at work which must be accommo- 


dated: 


ethe natural inquisitiveness of the human 
mind 

ethe insatiable attraction of acquiring 
things for oneself 

sand the irresistible challenge of another 
human mind 


Inasmuch as knowledge and informa- 
tion are the essential contents of all soft- 
ware, to keep them "locked away" is old- 
fashioned logic. Widely disseminated 
knowledge will bring forth more knowl- 
edge. In an age when knowledge becomes 
rapidly outdated, hanging on to some lit- 
tle invention is unrealistic. Like all at- 
tempts at prohibition, the setting up of 
barriers is probably the most potent 
stimulus to overcome them. Such at- 
tempts have only resulted in the escalation 
of costs to the consumer, the production 
of weird and delicate formats that are 
much more prone to crashes, and the 
great step backward of adding un- 
necessary keys and ROMs (read-only 
memories) that defeat the advantage of 
computerization, 


Is it too late to take a 180? turn and stop 
this "cold war" from escalating? Would it 
be possible to take the alternate view? 
Here are some suggestions: 


eThe ultimate way of getting rid of piracy 
is to make the purchase of genuine soft- 
ware зо cheap that it becomes uneconom- 
ical to copy. Who bothers photocopying 
paperback books? The volume of sales 
will more than cornpensate юг the lower- 
ing of the profit margin and protection 
costs. 

e Software houses should encourage users 
to become subscribing members. This 
would provide capital for software devel- 
opment as well as some degree of customi- 
zation of the software to be developed. 
New programs could be offered to sub- 
scribers on a priority discount basis. 
eUsers clubs should be encouraged to 
adopt a code of ethics; in :eturn they 
would be allowed to participate in a 
scheme of evaluation and bulk ordering of 
new products. There is no pressure greater 
than peer pressure. 

ФА good user and upgrading service 
should be arranged so that a firm bond is 
created between the user and the software 
producer, Newsletters with user com- 
ments is one way to achieve this. 


I am glad to say that at least one soft- 
ware company, Personal Software, has 
begun to adopt this new attitude for its 
Data Management System and Desktop 
Plan, I salute them, | sincerely hope that 
BYTE and its readers will take the initia- 
tive of spearheading this more rational ap- 
proach before you have to say “open 
sesame” to your computer. 


Dr A Hua 

Department of Medicine 

Queen Mary Hospital 

University of Hong Kong 

Hong Kong Letters continued on page 30 


^ 23 IEEE 488 TO 5-100 INTERFACE. 


"Handles all IEEE- 488 1975/78 functions 

“IEEE 696(S-100) compatible 

= МВАЗ!С subroutines supplied; no BIOS 
mods required 

= 3 parallel ports (8255A-5) 

"Industrial quality; burned іп and tested 
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524 REDWOOD DRIV 


1 
LOS ALTOS, CA 94022 
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14151 966-1460 
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UVEON proudly announces 
OPTIMUM.” OPTIMUM is an easy to 
use, total concept data management 
program for CP/M® and MP/M ™ systems. 
ng through traditional DMS 

barriers, OPTIMUM provides large scale 
data management capability to broaden 
your computer horizons. Developed for 
individual computer users and applica- 
tions builders, OPTIMUM supports 
user-defined forms and files, dictionaries, 
powerful reporting, storage efficiency, 
speed and unique cross-referencing. 

пр you want іп data management 
is now complete in one system. 

USER-DEFINED 
FORMS AND FILES 

With OPTIMUM. implementing an 
application is simple. The user defines 
screen forms to fit the data and describes 
how the data is to be stored. Once this is 
complete, data entry may begin. Input 
editing, validation and cross-referencing 
during data entry extend OPTIMUM 's 
range. If the need exists, OPTIMUM can 
handle complex or multiple screen forms 
бог the same file. Screen forms may be 
modified and expanded as needed. 


.. DICTIONARIES 
OPTIMUM maintains a dictionary of 
terms for each file. This dictionary 
contains information on each data 
element in the file and describes 
operations to be performed. Alterations 
and additions to the dictionary may be 
made as required. 


MICRO-ENGLISH " REPORTING 
OPTIMUM Micro-ENGLISH lets the 
user request standard or custom reports 
{тот the OPTIMUM files. а 
selecting and sorting capability give 
Micro-ENGLISH alli the неи 4 a large 
scale interactive inquiry processor. A 
dictionary based vocabulary keeps the 
user interface simple. 

OPTIMUM STORAGE 
EFFICIENCY AND SPEED 
OPTIMUM stores all information in a 
compact variable-length format. 
OPTIMUM files are designed for 
interactive speed; a single file item may 
be retrieved from among hundreds in 
an instant. 
OPTIMUM DATA 
CROSS-REFERENCING 
A unique feature of the OPTIMUM 
ystem 5 a user to cross-reference 
lata elements. Once information is 
entered, it may be retrieved using key 
words in the data. 
From simple applications to complex 
systems, OPTIMUM manages it in 
Broaden your horizons using the total 
concept data management system with 


the power of such industry forerunners as 


Prime Information. Honeywell Ultimate 
and Microdata Reality. Call or write 
UVEON today for more information on 
OPTIMUM. 1-800-525-1637. 

CP/M and МРІМ are uademarks af Digial Research, lnc. 


Of'TIMUM and Micro ENGLISH are өжістагіз of UVEON 
Computer Systertu, lnc 


UVEON 


The Future in Software. 


UVEON Computer Systems, Inc. 
B99 Logan Street | 
Denver, Colorado 80203 
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The System 2800 is the next logical step іп the 
continuing line of innovative products from the 
Systems Group. 


Unbeatable S-100 Memory Boards 
First was the development of the DMB6400 
series of S-100 Memory boards featuring the 
innovative Bank 
Select switching 
technique. This 
enables users to 
software select 
ies up to four totally 
q шж" в. independent 
- =. , memory banks 
per board. 


The 2nd Generation 

Then came the 2nd Generation of IEEE S-100 
COMPATIBLE Z80 PROCESSORS, FLOPPY DISK 
CONTROLLERS and SERIAL I/O BOARDS. Each 
has been designed for single user, multi-user or 


ANNOUNCING 


A Major Breakthrough 


network operating systems 
such as CP/M®, | 
MP/M™, CP/Net™ 

and OASIS™. 


The Next 

Logical Step ... 

We challenged our design team to create an 
innovative yet competitive system utilizing our 
existing line of field proven, dependable 5-100 
boards. The result: a highly reliable, quality built, 


state of the art microcomputer that gives you 
the cost/performance edge you need to be a 
leader in your field. 


The System 2800 comes with a choice of 
operating systems: CP/M with an enhanced 
CBIOS for single user systems and either MP/M 
or OASIS for multi-user, multi-tasking systems. 
МР/М is available with either a standard ог 


CPIM MPM and СРІМе are trademarks о? Digilal Research 
OASIS 15 a Irademark of Phase One Systems 
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enhanced XIOS. The CP/M based System 2800 


provides improved diagnostic reporting capability 
and increased sector sizes of 1024 bytes yielding 


disk performance throughput increases up to 
400% over standard unblocked systems. 


The enhanced multi-user, multi-tasking МР/М 
based System 2800 provides the same advanced 
features as CP/M. In addition, this interrupt 
driven implementation can offer performance 
throughput increases up to 2000% thru 
extensive disk buffering for applications 
requiring a large number of disk accesses. 


Also available is the OASIS operating system 
with ISAM files, automatic record locking and 
multiple-user print spooling. 


All operating systems are available in either 
floppy or hard disk configurations. The disk 
drive selection includes single or double sided, 
double density B-inch floppies with up to 2.52 
megabytes of formatted storage per system, 
expandable to 5.04 megabytes, and an 8-inch 10 
megabyte winchester hard disk. 


Circle 210 on inquiry card, 


Cost Effective Reliability 
Dealers, OEM's and System Integrators share 
many common needs. Not the least of these is 
dependable products. That's why we back our 
System 2800 with our established reputation for 
high quality products, superior support, prompt 
and courteous service, and a one-year warranty. 


Take the next logical step. See your nearest 
computer dealer, or contact us for the complete 
story on our S-100 family of board products and 
enhanced systems. 


Systems Group. 


A Division of MEASUREMENT systems & controls 
incorporated 


1601 Orangewood Ave. 
Orange, Calif. USA 92668 
(714) 633-4460 TWX/TELEX: 678 401 TAB IRIN 


For Intemational Sales Inquiries contact: SIGMA INTERNATIONAL. INC., РО. 
Box 1118, Scotisdale, AZ 85252 (602) 984-3435 / Telex 165 745 Sigma 
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You can use just about any desk for a computer ter- 
minal stand. But with CF&A, you're sitting pretty. Our 
full range of desks, workstations, and terminal 
stands are designed to accommodate a variety of 
computer equipment. Choose from our Classic 
Series desks, DR Series desks and enclosures, spe- 
cialty items like our Apple ІІ desk, or a universal 
printer stand. You'll be sitting pretty with attractive 
color selections, durable construction, versatile 
configurations, useful options, competitive prices, 
quick delivery, and personal service. It's our way of 
doing business. 


Computer Furniture and 
Accessories, Inc. 
1441 West 132nd Street 
Gardena, CA 90249 
(213) 327-7710 


Circle 75 on Inquiry card. 


The Wind Blowest 
Where It Listeth 


Something is a bit strange about BYTE's 
May 1981 cover. The sail is full and set for 
a run (which means wind astern), the 
burgee points to port (which means wind 
off the starboard), and the spray from the 
bow wave points to starboard (which 
means wind to port). I've seen things like 
this on a lake just leeward of an island, 
but only Юга moment. It's pretty unlikely 
on the open sea. And, worst of all, the sail 
has a big hole in it! 

BYTE's cover has inspired a new 
disparaging remark about a landlubber: 
he doesn't know his sail from a floppy 
disk. 


John А Ball 
Oak Hill Rd 
Harvard МА 01451 


The May cover is a faithful representa- 
Ноп of a situation that occurred during 
the BYTE staff's last outing. By the way, 
we know about floppy disks, but what's a 
"sail? . СРЕ 


Programming As an Essay 


As a programmer whose background is 
in literature, I am naturally sympathetic 
to the analogy between programming and 
natural languages that John Handel draws 
in his article "The New Literacy: Pro- 
gramming Languages as Languages." (See 
the March 1981 BYTE, page 300.) That a 
programming language is indeed called a 
language, that programming borrows 
much of its lingual terminology from 
natural languages (eg: word, paragraph, 
syntax), offers at least a hint of the 
parallel that Mr Handel persuasively 
develops. 

At one point, however, he makes ап 
analogy between a program and a book 
that I find a bit contrived. His argument 
would be better served with an analogy 
between a program and a formal essay. 
Having written both, [ find the thought 
processes involved in both remarkably 
similar. 

Essentially, a formal essay consists of a 
thesis, arguments to support that thesis, 
and a conclusion. Its usual purpose is to 
interpret, persuade, or inform: to solve 
some critical or rhetorical problem. Before 
writing can begin, an essayist must be able 
to express clearly to him- or herself the 
thesis and conclusion in order to define 


EPSON MX-BO авина аз .SCALL 


80 cps/9x9 matrix/Lower case with 
true descenders/Bi-directional & 
Logic seeking/Adjustable tractor/ 
Expanded printing/Block graphics/ 
Forms control/Compressed printing/ 
Double-strike printing/Correspon- 
dence quality/Emphasized printing 
mode/Standard parallel interface 


EPSON MX-80 F/T "sau САБЫ 


Same features as the МХ-80 plus Fric- 
tion Feed. Adjustable removable trac- 
tor is standard for ease of handling 
forms and single sheets. 


EPSON MX-1 00 Е/Т “ваш .SCALL 


Same features as the МХ-80 & МХ-80 
F/T but on 15% inch carriage for print- 
ing 132 columns with standard 10 cpi 
font or 232 columns in the com- 
pressed character font. The MX-100 is 
complete with Dot Resolution 
Graphics 


EPSON INTERFACES & OPTIONS 


TRS-80 MODEL |, ІП CABLE $ 30 
ТН5-80 MODEL І Keyboard Interface $ 95 
TRS-80 MODEL І CABLE 8 30 
APPLE INTERFACE 8 CABLE $ 100 
IEEE 488 INTERFACE % 60 
SERIAL INTERFACE $ 70 


è 


Vie 


31245 La Baya Drive, Westlake Village, California 91362 
Circle 13 on inquiry card, 


SERIAL INTERFACE (2K BUFFER) $ 149 
SERIAL CABLE Male Io Male $ 30 
DOT RESOLUTION GRAPHICS 5 90 
REPLACEMENT RIBBON $ 13 
REPLACEMENT PRINT HEAD (Quiet typo) $ 40 
EPSON SERVICE MANUAL S 40 


We built a reputation on our 
prices and your satisfaction. 


We guarantee everything we sell Юг 30 days. If anything 
is wrong, jusi return Ihe ilem and we'll make i| righi. 
And, ol course, we'll pay the shipping charges. 

We accept Visa and Master Card on all orders. COD 
accepted up to $300.00. We also accep! school pur- 
chase orders. 

Please add $2.00 for standard UPS shipping and 
handling on orders under 50 pounds, delivered іп Ihe 
continental U.S. Call us for shipping charges on items 
thal weigh more than 50 pounds. Foreign, FPO and APO 
orders please add 15% for shipping. Calilornia res- 
idents add 6% sales tax. 


Letters 


the problem, ils scope, and to provide a 
framework for its solution. Similarly, a 
programmer must have a definition of his 
or her problem, and he or she must be 
able to frame a solution before coding can 
begin. Both the essayist and the program- 
mer must know where they want to go 
before they can begin the detailed work to 
get there. 

Next, the essayist must gather his or her 
major arguments and break the thesis into 
components, just as a programmer will 
break the problem into manageable parts. 
A writer will then arrange the arguments 
so that they flow smoothly through the 


essay. А programmer will begin arranging 
the parts of the problem so that they 
operate in an orderly fashion. 

Finally, the detail work can begin. А 
writer will supply minor arguments and 


examples to "flesh out" his or her work. A | 


programmer at this point concentrates on 
code. Both will polish their work, en- 
suring that grammar, diction, and syntax 
are correct, 

An essay may not have to communicate 
"in a precise fashion" and an essayist must 
rely on a reader to "test" the thesis (not as 
strict a standard as a programmer's com- 
puter), but an essay must communicate in 


XCEL” GRAPHICS 


512 x 240 RESOLUTION 


ғо 2-89 & Superbrain 


And soon for TRS 80 MODEL Ii 


display, normel video daptay of both displays 


< 


5175.00 


XCEL” GRAPHICS UNIT — А completely assembled hardware гла package providing high reasiullon graphics, 
cimulancousty $895.00 


XCE|'V SYMBOL ОЕМЕНАТОЯ-5штайғ- ta 


$175.00 


іш chataciet. 679 pira weh bw 


SCEL™ GRAPH PLOTTER-Choe w Ius Inprgsan: 
iskona (Алы gaph hagani ще (уж ane 
ыаЦы pin үн кетін ыл of ane 
ығ ШМ wunng ar айсы gr ТЕЩИ" 
D тиснете 10 Der purge Лл гечи шісі eem 
Ad лиги Ryn Duft. DIDA > 


$395.00 

СТА SURFACE PLOTTER: Than cerei rit 
тіп Auf тей ang тоны OF Пі 
бетсіз Un B шын cet карл 
Taka тт үнін ег ретт, > 


$385.00 
ҖОР“ GRAPHS TERIMIMAL — Euis q sutact 
ot o Тайға 4010 Sone Grapes 
Tetana luncur. Enpi mano-rinwen Ne - 
[имеп comeanis Қи саб аце Ау per] dái- 
Doni) аге apa РАВ УФЕ 


XCEL softwere packages препив under CPM and ulis Ihe Microsoh parameter passing mechanem for 
сотта йү with high level tangueges, such as BASIC, FORTRAN, COBOL, РЛ. aj PASCAL XCEL software сап be 
toaded Info high memory and caked from your programs mr indograbad directly inta your programs Inrough use of Ihe 
стой linking loader 
FOR ADDITONAL PRODUCT INFORMATION (800) 421-1423 
ІМ CONTINENTAL UGS CALL TOLL FREE: iN CALIFORNIA САЦ 
(213) 320-6604 


ЕУ MAXTEK, me. 2908 Oregon Court, ра СА 90503 
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Circle 207 on inquiry card. 


a reasoned and orderly fashion, Both 
wriler and programmer must be logical 
within a verbal framework, 

| agree with Мг Handel's conclusion 
that a programmer with verbal sensibility 
will tend to write readable programs that 
work. Perhaps then, programming in- 
stallations, especially commercial shops 
where the work is not technical or mathe- 
matical, may do well to employ language 
and linguistic students, Perhaps too, a 
source of programming talent may be 
found in writers and students of philo- 
sophy and history who already have а 
command of language and procedural 
skill and who could learn the particulars 
of programming quickly and easily. 


Michael J Nichols 
1725 York Ave 
New York NY 10028 


Vikings Defense 


lt may be that BYTE's attention some- 
how has been focused on the aspects of 
violence in the history of the Vikings. The 
cover on the May 1981 BYTE and the text 
on page 4 does, however, indicate that 
BYTE ought to read up on the Vikings as 
well as on their contemporary history. 

BYTE has done the Vikings a gross in- 
justice by merely stating that they were 
“notorious pirates." Let me say in their 
defense that they were also clever sailors, 
innovative navigators, explorers, and 
tradesmen, who traveled routes that to- 
day seem impossible considering the 


| equipment they had at hand. They were 


tough, maybe, and violent—living in 
times of different general ethics and values 
than you may wish for yourself today. 
But, to cali them pirates, with an indica- 
Пол of lawlessness, is simply an (unfair) 
application of current values to a very dif- 
ferent time and place. 

The Vikings also were clever ship- 
builders, building perhaps the most 
beautiful boats that have ever been made. 
You may see some of these here in Oslo 
and judge for yourself. 


Einar Skjorten 
Rytterfaret 21 
1347 Hosle, Norway 


We apologize, Mr Skjerten, for our 


somewhat simplistic representation of the 
Vikings... . CMB 
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The guy on the left has two file folders, а news maga- 
zine, and a sandwich. 

The guy on the right has the OSBORNE 19, a fully 
functional computer system in a portable package the size 
of a briefcase. Also in the case are the equivalent of over 
1600 typed pages, stored on floppy diskettes. 

The owner of the OSBORNE 1 is going to get more 
work done—and better work done—in less time, and with 
less effort. 

Untold it, plug it in, and go to work 
like you've never worked before. . . . 


Go to work with WORDSTAR® word processing, so 
your correspondence, reports, and memos take less time 
to produce, and say more of what you wanted to say. Апа 
with MAILMERGE®—the mailing system that turns out 
personalized mass mailings in the time you'd spend on a 
rough draft. 

Go to work with SUPERCALC®, the electronic 
spreadsheet package that handles complex projections, 
financial planning, statistics, and "what if" questions in- 
stantly. For the more technically minded, SUPERCALC will 
process scientific data and calculate results. 

Go to work with powerful BASIC language tools— 
the CBASIC-2* business BASIC, or the Microsoft BASIC* 
interpreter. 

That's standard equipment. 

Options include about a thousand different software 
packages from a host of vendors designed to run on the 
CP/M* computer system. 

Go to work at the office, at home, or in the field. 

Ог anywhere. Optional battery packs and telephone 


The guy on the left 
doesn't stand a 


Е: 
| nce. 


transmission couplers mean you need never work without 
the capabilities of the OSBORNE 1. That's good, because 
you won't want to work again without it. 

АН for $1795. it's inevitable. 


The OSBORNE 1 is the productivity machine that's 
changing the way people work. Put simply, the machine 
delivers a significant productivity edge—day in and day 
out—to virtually anyane who deals with words or num- 
bers, Or both. 

Since the entire system is only $1795, it won't be too 
long before the guy on the left has an OSBORNE 1 of his 
own. The same probably goes for the person reading 
this ad. In fact, we think it's inevitable. 


The OSBORNE 1 includes a ZBOA* CPU, 64K 
bytes of RAM memory, two 100 kilobyte 
floppy disk drives, a business keyboard, 
buitt-in monitor, IEEE 488 and RS232 inter- 
faces for printers and other things that 
get connected 10 computers, plus 
P/M, CBASIC-2, Microsoft BASIC, 
WORDSTAR, and SUPERCALC. The | 
system is available Кот com- | 
puter retailers nationally. 

3 
$1795. It's 
inevitabl 
inevitable. 
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Book Reviews 


Principles of 
Artificial 
Intelligence 


Nits J Nilsson 

Tioga Publishing, 1980 
476 pages, hardcover 
$27.50 


Reviewed by 

Steven K Roberts and 
James Paul Jenai 
5885 Dublin Rd 
Dublin OH 43017 


Artificial intelligence (AI), 
for over two decades the ar- 
cane province of academic 
visionaries, is at last spilling 
over into the worlds of engi- 
neering and practical system 
design. À fascination with the 
programming language LISP 
is sweeping the industry, ro- 
botics and machine vision 
(though still primitive) are 
something other than fan- 
tasy, and the cost of com- 
puter hardware on a scale 
necessary for Al work has 
dropped to the point where it 
even touches the personal 
computer spectrum, 

It is becoming worthwhile 
to learn something about the 
subject for reasons beyond 
intellectual curiosity. 

А new book by Nils J 
Nilsson offers a substantive 
look at a body of techniques 
upon which much of the 
work in the artificial intelli- 
gence field is based. Presently 
the director of the Artificial 
Intelligence Center of Stan- 
ford Research Institute, 
Nilsson has for year's been in- 
volved in problem-solving, 
theorem-proving, and plan- 
ning systems, and has 
authored publications along 
these lines that date back to 
the early 1960s, 

Principles of Artificial In- 
telligence is intended as a text 
for a college senior or first- 
year graduate student, and 
can thus be considered to be 
the reader's first serious ex- 
posure to the field. But a 
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question arises as to whether 
or not the ensuing (fairly rig- 
orous) discussion of predicate 
calculus is the way to pro- 
ceed. Though the text was 
written as an introduction 
and does, in fact, concern it- 
self far more with underlying 
techniques than with applica- 
tions areas, it Focuses fairly 
strongly upon formalisms 
with which the reader new to 
the field might be a little un- 
comfortable. 

Predicate calculus is cer- 
tainly not new to serious stu- 
dents of computer science —it 
is required material in almost 
any undergraduate com- 
puter-science curriculum, 
though exposure is typically 
limited to formal proving ex- 
ercises, Nevertheless, 
predicate calculus does pro- 
vide a refined set of 
manipulative tools that are 
useful for the implementation 
of knowledge-based pro- 
duction systems, and it has a 
distinct advantage over some 
of the more intuitive para- 
digms, such as relational 
databases and semantic net- 
works, in that it has matured 
from many years of disci- 
plined development in other 
application areas. Though 
imposing in appearance, it is 
a reliable basis for system de- 
sign and, thanks to its univer- 
sal acceptance, for communi- 
cation of ideas with other 
workers in the field. 

However, one of the ideals 
of artificial intelligence work 
is the comfortable bridging of 
the vast conceptual gap be- 
tween man and machine. Al- 
though this inevitably re- 
quires the application of for- 
mal tools, it should even- 
tually lead to increased 
“naturalness” of problem ex- 
pression. In a purely rigorous 
sense, any Turing machine 
implementation is as good as 
another (they provide the 
same computing power), but 
the differences to those who 


must use them are significant. 
As anyone who has ever at- 
tempted to express abstract, 
symbolic constructs within 
the syntactical and semantic 
restrictions of FORTRAN 
knows only tco well, the 
issue ОЁ naturalness is inex- 
orably tied to the representa- 
tion problem, 

Early on, Nilsson states 
that "selecting a good repre- 
sentation is one of the impor- 
tant arts involved in applying 
Al techniques to practical 
problems." This is indeed 
true, not only in this field but 
in all aspects of computer 
problem solving. Knowledge 
representation, whether via a 
body of production rules 
(if,..then constructs), frames 
(relatively passive data en- 
tities appropriately intercon- 
nected and applied to a set of 
inference procedures), or any 
other means, is a central and 
hotly contested issue that af- 
fects not only the usefulness 
of a system's design but ita 
naturalness. While different 
approaches may not neces- 
sarily provide greater power, 
they might free the mind to 
achieve greater insights—and 
insight is at the heart of all 
problem solving. 

Nilsson makes a good case 
for the use of predicate cal- 
culus as the set of "cranks" 
with which any type of sys- 
tem сап be implemented. 
Whether or not this approach 
constitutes an optimal entry 
into the artificial intelligence 
field is partly a function of 
the reader, From a classical 
engineering standpoint, the 
assimilation of Formal 
methods before exposure ta 
the more philosophical 
aspects is absolutely neces- 
sary. and for those who аге 
comfortable with this ap- 
preach, the bock comes 
highly recommended: the 
problems are interesting, yet 
not so esoteric that you lose 
sight of their purpose—name- 


ly, the chance to apply the 
principles that Nilsson has 5o 
painstakingly laid out. Those 
who lack the text's presup- 
posed ease with formal 
methods (and there is much 
of interest in the field that 
does not require it) might 
prefer a book targeted to an 
overview of Al's various sub- 
specialties (such as Patrick H 
Winston's classic, Artificial 
Intelligence, Philip C 
Jackson's Introduction to 
Artificial Intelligence, or 
Pamela McCorduck’s Mach- 
ines Who Think). 

Principles of Artificial In- 
telligence, like its pre- 
decessor, Problem-Solving 
Methods in Artificial Intelli- 
gence (Nilsson, McGraw- 
Hill, 1971), can be considered 
an authoritative text on many 
of the underlying ideas that 
serve ав the basis for the bulk 
of current artificial intelli- 
gence research. After Nilsson 
develops the primary theme, 
he provides a number of pro- 
vocative comments about the 
field, and closes with a com- 
prehensive and up-to-date 
bibliography of published 
works, Though hardly casual 
reading, the book offers solid 
underpinnings for method- 
ologies which might other- 
wise appear disquietingly 
Magical. 
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by Steven K Roberts, 5885 Dublin Rd, Dublin ОН 43017 


This year's National Computer Conference, held last 
May 4 through 7 at McCormick Place in Chicago, 
was so large that nobody could effectively see all of 
the show in the four days allotted to it. In fact, with 
about 73,000 people attending, it was often difficult to 
see the displays at all. The task was also complicated 
by the juxtaposition of booths for every type of com- 
puter, from microcomputer to mainframe, and 

their associated supplies ^... 

and peripherals. Still, T 

what I did see was ex- 
citing; shown here are 
some of the attractions. 
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| Any attempt to capture the entire NCC in а 
single photograph is doomed to failure. 

2 The BMC IF-800 microcomputer. This new 
eniry from Japan is impressive, although its 
price might be too high for the casual user. 

3 The LEX-21 is a portable terminal with a fuil- 
size keyboard, a 40-column printer, a buffer of 
up to 8 K bytes of memory, and a built-in 
direct-connect 300-baud modem. 

4 The Apple booth was constantly well at- 
tended because of the many applications being 
demonstrated. 

5 The Corvus Omninet, a local network 
system that can interconnect up to 64 
microcomputers via a simple twisted-pair wire 
connection. Each microcomputer connects to 
the twisted-pair bus through an interface called 
a “transporter.” Interfaces now exist for Apple. 
1.51-11, and Onyx computers. 

6 ВАЗЕ slimline 5.25-inch floppy-disk drives. 
Three of these units will fit in the space of two 
drives of conventional design. 

7 The TRS-80 Color Computer was displayed 
prominently at the Radio Shack booth. With 
its Extended Color BASIC, the unit can deliver 
impressive color graphics. 

8 and 10 The Xerox Star. A view of the unit's 
video display, photo 8, shows why the Star 
was one of the most popular exhibits at the 
show —it delivers on its promise of "What you 
see on-screen is what you get." Photo 10 shows 
the Star itself, an intelligent office terminal that 
can be connected to Xerox's Ethernet. 

9 The Sony Typecorder, a self-contained, 
battery-powered "portable office" about the 
size of an issue of BYTE. The unit stores both 
voice and text (up to 120 pages) on а microcas- 
sette and can dump text to a printer or transmit 
it over telephone lines. 

|| Tandon displayed ап 8-inch floppy-disk 
drive that is exactly half the width of conven- 
tional units. 

12 A high-resolution display using 
Cromemco's Super Darzler board along with 
its SDI color-graphics interface. The resulting 
video image сап be made from a palette of 2048 
colors. 
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Ciarcia's Circuit Cellar 


Build an Unlimited-V ocabulary 


Speech Synthesizer 


The alarm clock that jolts you out 
of sweet dreams with a monotone 
buzz is a thing of the past. State-of- 
the-art technology is the clock that 
prods you out of slumber with a voice 
that speaks your own language: "The 
time is 6 o'clock." 

The artificial voice is becoming an 
increasingly important and potential- 
ly indispensable part of the interface 
between man and machine. Electronic 
speech synthesis is a young but rapid- 
ly evolving technology. It won't be 
long before that speaking alarm clock 
will also announce your entire day's 
appointment schedule. It will be no 
less unusual for the computer in your 
car to recount its mechanical ills as 
you drive to work. For now, how- 
ever, electronic speech synthesis is 
still a relatively new concept. 

In a previous Circuit Cellar article 
("Build a Low-Cost Speech-Synthe- 
sizer Interface," June 1981 BYTE, 
page 46), I described the design of an 
inexpensive, limited-vocabulary, com- 
puter-controlled electronic speech 
synthesizer called the Micromouth. 
This speech processor, based on the 
National Semiconductor Digitalker 
chip set, was an attempt to introduce 


Votrax is a trademark df Federal Screw Works, 
Inc. 


Digitalker is a trademark of National Semicon- 
ductor Corporation. 


Copyright © 1981 by Steven A Ciarcia. 
All rights reserved, 


38 September 1981 © BYTE Publications Inc 


Steve Сага P 
POB 582 
Glastonbury CT 06033 


personal computer users to artificial 
speech. Considering the response it 
received, I believe many of you are 
now listening to everything your 
computer has to say. 

This month I wish to return to the 
topic of computer-controlled elec- 
tronic voice synthesis and introduce 
you to the Votrax SC-01 speech syn- 
thesizer chip. 

Instead of waveform digitization or 
linear-predictive coding, the SC-01 
uses phoneme synthesis, which 
allows the SC-01 to speak an un- 
limited vocabulary simply by sequen- 
tially pronouncing the individual 
phonemes (basic sound units) that 
make up words in the English lan- 
guage. 

Many other articles have been writ- 
ten that describe in detail the theory 
of phoneme synthesis and the work- 
ings of the Votrax SC-01 integrated 
circuit. À few appropriate references 
are given at the end of this article. In- 
stead of discussing many theoretical 
concepts at length in my limited space 
here, I prefer to concentrate on the 
design of a practical, computer-con- 
trolled, phonetic speech synthesizer. 

This month's construction project, 
shown in photo 1, is called the Sweet 
Talker speech synthesizer. It uses the 
SC-01 integrated circuit to allow syn- 


Special thanks to Ray Long of Custom Photo 
and to Greg Peterson and Phil Walton of Tech 
Circuits for their expert printed-circuit design 
and production talents. 


thesis of an almost unlimited vocabu- 
lary (limited only by the size and 
complexity of the controlling pro- 
gram running on the computer). The 
Sweet Talker circuit contains I/O (in- 
put/output) signal buffering, a clock 
oscillator, an audio filter, and an 
amplifier. The circuit board provides 
protection from static electricity for 
the 5С-01 in addition to being а соп- 
venient package. (Protection for the 
5С-01 is important, because it is both 
expensive—$70—and delicate. It’s 
made using complementary metal- 
oxide semiconductor technology.) 
The standard Sweet Talker synthe- 
sizer can be connected to any micro- 
computer through a parallel port, 
while a special version of the unit can 
be plugged into the I/O bus of the 
Apple II computer. 


Speech-5ynthesis Review 

Three major techniques are pre- 
sently used to synthesize the human 
voice: formant synthesis, linear-pre- 
dictive coding (LPC), and waveform 
digitization. They differ in the num- 
ber of bits of data required to con- 
struct a word. 

Formant synthesis is essentially an 
electronic modeling of the natural 
resonances of the human vocal tract. 
Bands of resonant frequencies in the 
vocal spectrum, called formants, are 
generated by excitation sources and 
then passed through variable filters, 

One variation of the formant tech- 
nique is called phoneme synthesis, in 
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Photo 1: The assembled Sweet Talker phonetic-speech-synthesizer circuit board. 
The Votrax SC-01 phoneme-synthesizer integrated circuit supports a vocabulary | 
limited only by the size and complexity of the computer program that controls | 
the Sweet Talker. Any English word may be constructed from phonemes, the 
basic building blocks of speech. The circuit board shown is a prototype of the 
parallel-port version of the Sweet Talker; the Apple П plug-compatible version is 
not shown. 


| 


Photo 2: The Votrax SC-01 isa 22-pin CMOS integrated circuit which functions | 


as an electronic model of the human voice. 


Photo 3: Before the development of the SC-01, Votrax used many medium-scale- 
integrated circuits and discrete components to perform the same functions. All 
these components were mounted in modules such as the VSL-type shown. When 
this particular synthesizer card was purchased three years ago, the price was | 
$600. Compare this both in size and price to the $70 5С-01 (sitting on top). 


| 


which the spectral parameters аге de- 
rived from basic sound units that 
make up words. À phoneme-genera- 
tor circuit is used to reproduce these 
sounds. In such a circuit, each pho- 
neme is given a numeric code, and the 
synthesizer circuit (discrete or inte- 
grated) utters phoneme sounds corre- 
sponding to codes it receives when it 
is activated. Words and sentences are 
assembled by simply stringing the 
phoneme codes together. The elec- 
tronic voice so generated is intelligi- 
ble, but has a slight mechanical quali- 
ty. Continuous speech using pho- 
neme synthesis can typically be gen- 
erated with a data rate of less than 
100 bps (bits per second). 

Linear-predictive coding is similar 
to formant synthesis in that both 
techniques are based in the frequency 
domain and use similar hardware to 
model the vocal tract. The quality of 
speech is often better than formant or 
phoneme synthesis, but a higher data 
rate (1200 to 2400 bps) is needed for 
continuous speech. 

Waveform digitization is the third 
method of speech synthesis, in which 
the amplitude characteristics of a 
vocal waveform are stored and repro- 
duced. The quality of speech is better 
than the other two methods, but the 
data rate for continuous speech is 
very high, and storing sufficient 
amounts of data conveniently can be 
a problem. Various schemes of com- 
pressing the data have been devised; 
one of the more successful is used in 
the National Semiconductor Digi- 
talker system, which I described in 
my June Circuit Cellar article. 


Votrax SC-01 

The 22-pin Votrax SC-01 inte- 
grated circuit, shown in photo 2 and 
in the diagrams in figure 1, contains a 
digital code translator, or phoneme 
controller, and an electronic analog 
of the human vocal tract. The pho- 
neme controller translates a 6-bit 
phoneme code and a 2-bit pitch code 
into a matrix of spectral parameters 
which in turn adjusts the vocal-tract 
analog to synthesize the phonemes. 

In the first part of the vocal-tract 
section, there are a pair of variable- 
frequency oscillators for simulating 
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Figure 1: Technical characteristics of the Votrax 5С-01 Speech Synthesizer Chip. Shown are the pinout designations (1a), the 
scheme of data flow through the circuit (Ib), and a block diagram of the internal structure (1c). This figure is reproduced courtesy of 
the Votrax Division of Federal Screw Works, Inc. 
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Figure 2: А diagram of the general connection scheme of the 5С-01. 


vocal-cord-produced periodic sounds 
and а pseudorandom (pink-noise) 
signal generator that simulates the 
sound of rushing air. The output 
signals from these sources are shaped 
by a bank of four analog band-pass 
filters that simulate the vocal-tract 
cavities. The filter outputs, in turn, 
are directed through a preamplifier to 
an external amplifier and speaker. 


The SC-01 phoneme synthesizer is 
a CMOS (complementary metal-oxide 
semiconductor) integrated circuit 
which should be operated within the 
range of 7 to 14 V (V,). The pho- 
neme-input lines (PO through P5) are 
5 V level-compatible and self-latch- 
ing. (Here "5 У level-compatible" 
means matching LSTTL [low-power 
Schottky transistor-transistor logic] 


Photo 4: The Sweet Talker phonetic-speech-synthesizer board can be driven | 
through any parallel output port. One port which can be used is а Centronics- | 
compatible parallel printer port. When using this connection, phonemes for 
words to be spoken are transmitted using LPRINT statements in BASIC. Pictured 
above is the Sweet Talker board combined with its power supply and connected 
to a TRS-80 Model ПІ computer and a speaker. 


levels with an external pull-up 
resistor.) The two pitch-control lines, 
on the other hand, must have external 
latches and must be switched at the 
same input voltage as the 5С-01% 
power supply. Handshaking with ex- 
ternal control circuitry is accom- 
plished through two control lines: 
strobe (STB) and acknowledge/request 
(A/R). The STB line can be either 
CMOS or 5 V level, while the A/R 
line is CMOS level only. 

The output pitch of the phonemes 
is controlled by the frequency of the 
clock signal, which can be applied 
from an external source or set inter- 
nally with a resistor and capacitor 
combination. The clock frequency is 
nominally 720 kHz, but subtle varia- 
tions of pitch are induced through 
"automatic inflection" to prevent the 
synthesized voice from sounding too 
monotonous or "robot-like." Two in- 
dependent pitch-control lines, I1 and 
I2, are available for gross variations 
in pitch so that the chip can speak 
with more than one voice. Referred to 
as "manual inflection" controls, I1 
and 12 operate in addition to the auto- 
matic-inflection system already pre- 
sent. I have found that the 6-bit pho- 
neme code alone is sufficient, and the 
two pitch-control lines can be ig- 
nored. A diagram of the general con- 
nection scheme is shown in figure 2. 

Listed in table 1 on page 42 are the 
64 phonemes defined for the English 
language (two produce silent periods 
of different lengths; one causes syn- 
thesis to stop). А phoneme sound is 
generated when a 6-bit phoneme code 
is placed on the control-register input 
lines (PO through P5) and latched by 
pulsing the strobe (STB) input. Each 
phoneme is internally timed and has a 
duration of 47 to 250 ms (millisec- 
onds); some phonemes last longer 
than others, and variations in the 
clock frequency affect the phoneme 
durations. The А/К line goes from а 
logic 1 to a logic 0 when a phoneme is 
sounding. 

There are two general methods for 
using the SC-01. One method, shown 
in figure 3a on page 43, configures the 
chip in an independently acting, self- 
timed circuit which asynchronously 
extracts phoneme codes Нот a 
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dedicated memory buffer. Typically а 


Hexadecimal Phoneme ASCII Duration Example 32- or 64-character FIFO (first-in, 
Phoneme Symbol Character (ms) Word first-out) buffer is attached to the 
а computer bus and loaded with the 
00 EH3 @ 58 jacket phoneme codes under program con- 
D E ^ к, oat trol, Once loaded, the codes are 
03 РАП C 47 no sound shifted out one at a time as the STB 
04 DT D 47 butter and А/К lines change 
ры " Б E m states. This self-clocking technique 
07 ZH G 90 pleasure can also be used with an EPROM 
08 АН2 H 7i honest {erasable programmable read-only 
09 is l = rs memory) and a counter when the 
QA 12 4) 80 inhibit 
ов 1 K 121 їп! SC-01 is to speak a canned message 
те М L 103 mat without computer control, 
e N " 2 m While use of a FIFO buffer reduces 
OF V о 71 уап the main processor's waiting time 
10 CH P 71 chip when exercising relatively slow (typi- 
" ^N ы = m cally 70 bps) peripheral devices such 
13 AW1 S 146 ами! as the SC-01, buffers are expensive. 
34 NG T 121 thing Interface-hardware costs can be 
- si z m mrk measurably reduced by a second 
17 СО) W 185 book scheme: using the computer system 
18 L X 103 land {running an appropriate program) to 
13 K М BO irick time the transmission of phoneme 
1A J ё 47 judge , ы 
18 H [ 71 hello codes to the 5С-01, as outlined in 
1C а \ 71 get Figure 3b. This method sends codes to 
2 я | AR E the synthesizer chip through a latched 
T S = 90 pass parallel output port and monitors the 
20 А (space) 185 tame synthesizer's activities (via the А/К 
A ee ! os € line) through an input port or inter- 
UH # 47 mission rupt line. 
> AH $ 250 mop The latter is the technique I chose 
25 Р Г 8 ^ to use in my design. Interestingly 
Y т ' 185 үлі enough, eliminating the extra hard- 
28 Т { 185 move ware doesn't really complicate com- 
29 y ) ЕУ id puter/synthesizer interaction nor 
а P " 90 з does it require a sophisticated ma- 
2C E ' 185 тае! chine-language driver program like 
2D м - B0 win those ordinarily associated with soft- 
2E AE 1B5 dad 
ОЕ AE! j 103 after ware-controlled peripheral devices. 
30 AW? 0 90 salty The program code to control the syn- 
31 UH2 1 71 about thesizer can be as simple as an 
= Un - i ala LPRINT statement in BASIC. More 
33 UH 3 185 cup » 
34 ог 4 80 bold on this later. 
35 O1 5 121 aboard 
-à m : 90 Ts Sweet Talker 
38 THV В BO the The schematic diagram of the 
zx 14 3 ni 22 Sweet Talker speech-synthesizer сіг- 
3B EH . 185 ready cuit board is shown in figure 4 on 
3C E1 < 121 be page 44. The phoneme-code bits are 
се a a € mi ИФ sent in parallel to the SC-01 (IC3) and 
ЗЕ STOP 9 47 no sound buffered through IC1 (a 741,5244 


Note: T must precede CH to produce “СН” sound, 


D must precede J to produce ''J" sound. 


three-state octal buffer), Pull-up 
resistors assure that a logic-1 input to 
the 5С-01 will be at least 4 V as ге- 
quired. Unless the board is being used 


Table 1: The sixty-four phonemes defined for the English language. Two of these 


produce silence; one causes synthesis to cease. with external address circuitry, the 


Enable input line (on connector П, 


42 — September 1951 © BYTE Fublicationa Inc 


(JaJ 


WRITE 


SHIFT IN 


FIFO 


J ФАТА BUS - (N 


SHIFT OUT 


(35) 


INPUT 
BUFFER 


OR INTERRUPT 
INPUT 


Figure 3: Two methods of interfacing the 5С-01 to a microcomputer data bus. Figure За 
shows an independently acting, self-timed circuit with a FIFO (first-in, first-out) buffer. 
Figure 36 shows a circuit that allows the computer to time the transmission of data to 


the 5С-01. 
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туй is possible o; p іа. serial Г interface to the Sweet Talker. 


Мп у соп 7 'ers have s e ; rather than parallel, I/O ports. With a lit- pi 


pin 12) should be grounded, thereby 
continuously enabling the buffer. 

The two manual-inflection inputs 
(I1 and I2) are also buffered through 
ІСІ. Тһе 5С-01 cannot store these 
signals, and storage must be provided 
externally. А 741,574 type-D flip-flop 
(IC2) is configured as a 2-bit latch. It 
is clocked synchronously with the 
5С-01% strobe input. Unlike the pho- 
neme inputs, however, the inflection 
lines are not 5 V compatible. Two 
sections of a 7416 open-collector 
inverter (IC4) are used with pull-up 
resistors to level-shift these data in- 
puts to CMOS levels. Since the auto- 
matic inflection is generally adequate, 
the manual-inflection inputs (J1, pins 
16 and 20) can be left open or 
grounded when not in use. 

The SC-01 can use either its inter- 
nal clock or an external clock. Exter- 
nal clock signals are applied through 
pin 15 on the SC-01 while pin 16 is 
grounded. My design uses the inter- 
nal clock-signal generator, instead. 
The clock frequency is determined by 
an K/C (resistor/capacitor) combina- 
tion attached to pins 15 and 16. The 
frequency is adjusted through poten- 
tiometer R8 and nominally set for 720 
kHz. Slight adjustments to this con- 
trol will vary the pitch of the speech. 
The easiest way to set this potentio- 
meter is by ear. Simply output a se- 
quence of phonemes to the SC-01 and 
set R8 for the most pleasant-sounding 
voice. 

The process of sounding a pho- 
neme begins when the 6-bit phoneme 
code is latched into the SC-01's con- 
trol register. Latching occurs when 
the rising edge of a positive-going 
strobe pulse is received on pin 7 of the 
SC-01, the STB input line. The syn- 
thesizer will continue to sound the 
same phoneme until another pho- 
neme code or a stop code is loaded. 

The Sweet Talker circuit board can 
be set up (through jumper connec- 
tions) to accept either a normally high 
or a normally low strobe signal from 
the external computer. Two sections 
of the inverter IC4 are involved in 
this flexibility. The normally high 
strobe signal connects to the Sweet 
Talker board through pin Y of the 
edge connector J1, while the normally 


September 1981 © BYTE Publications Inc 43 


эи] OHTA ALA © 1061 ешкі ру 


'uojaea мод-ациаиа ац ul £azisayjUAs u3asds эцанаца эзи р amg ay] fo шеіӘгір эцешацзс tp 3410814 


11 [20> 


di. 


— LR ELS DR E 


U 
= 
Dil 


+51 


1 
Rib 164 
4.7& 7416 


13 oce 


ІСІ 
7415244 


ауа” 
| sms 7 | 


УТУ У 
"УГУ 


һа 
-L 

m" 

“ jga 


г 
Psa 
| 
| 
| 


д, 


POWER SUPPLY 
TO CIRCUIT 


FREQUENCY 
НВ ADJUST 
10K 720hHz 


R 

(2.7K TO 33K) 
COARSE 
FREQUENC'T 
ADJUSTMENT 


Св 
150pF 


ROTE: RESISTORS WITH LOWERCASE 


LETTERS ARE IN A 


SINGLE- INLINE PACKAGE (STP). 


POWER 
CONNECT IDN 


low strobe signal connects through 
pin 21. The two inputs cannot be used 
in exactly the same way, however, 
because of some timing restrictions 
imposed by the SC-01. 

The SC-01 senses the positive- 
going edge of the strobe pulse arriv- 
ing on its pin 7, but unlike typical 
TIL latches (which operate in a few 
nanoseconds), the 5С-01 requires 
some setup time before it can accept 
the strobe signal, This setup time 
must meet two requirements: 


eThe data on the phoneme-input 
lines PO through P5 must have been 
stable for 450 ns before the rising edge 
of the strobe pulse arrives. 

eThe logic level on the STB input of 
the SC-01 (pin 7) must have been low 
during at least 72 clock periods (ap- 
proximately 100 microseconds) 
before it goes high for the strobe 
pulse. 


The staggered timing of the pho- 
neme data and the strobe pulse makes 
interfacing the SC-01 directly to а 
microcomputer data bus difficult 
without the use of an external data 
latch (an output port). 

Furthermore, in some cases (de- 
pending upon the method of connec- 
tion), when the Sweet Talker board is 
being driven through a parallel out- 
put port that uses a DAV (data avail- 
able) strobe signal, you may have to 
add a one-shot (monostable multi- 
vibrator) to the circuit to stretch the 
signal out so that the logic level at pin 
7 of the SC-01 stays low long enough. 
The DAV strobe signal of a typical 
microprocessor is less than a micro- 
second in length. 

Approximately 500 nanoseconds 
after the rising edge of the strobe 
pulse, the А/К line (pin 8) of the 5С-01 
goes to а logic 0, indicating that the 
synthesizer chip is busy. Transistor 
Q1 and IC4 convert the CMOS out- 
put of pin 8 to LSTTL levels. The А/К 
output can be monitored by the con- 
trolling computer in either of two 
ways: directly through an input port 
or connected to an interrupt line. In 
either case, when the А/К line returns 
to the logic-1 level, the SC-01 is ready 
to receive another phoneme code. 

The remaining components on the 
Sweet Talker board make up the am- 
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Figure 5: Diagram of the connections between а Centronics-compatibie parallel printer 
port (as on a TRS-80 Modal i or ШІ) and the Sweet Talker circuit board. Note that on 
some computers the Unit Select line may need to be connected to +5 V. 


plifier and filter sections, Capacitors 
C1 and C2 and resistors R5 and R6 
form a simple low-pass audio filter. 
The audio signal is then amplified by 
an LM386 1-watt amplifier (1C5) to 
drive ап 8-ohm speaker directly. 
Potentiometer R7 controls the 
volume, and the speaker connects to 
the 2-ріп connector on one corner of 
the board. 

The board operates on power- 
supply voltages of +5 V and V,. V, 
can Бе any voltage between +7 and 


+14 V. I generally use +12 V, 
Power can be applied either through 
the edge connector or the 4-pin power 
header. Pin assignments on the power 
header are arranged exactly the same 
as those on the Z8-BASIC Microcom- 
puter board presented in my last two 
articles, and the Sweet Talker board 
can conveniently use the same power 
supply. (See "Build a Z8-Based Con- 
го] Computer with BASIC," July 
1981 BYTE, page 38 and August 1981 
BYTE, page 50.) 
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Table 2: A list of useful words with their Votrax-notation phonemes, for ease in program coding. 


Word 


А 
ahle 
about 
aciual 
add 
adjust 


B 
back 
basic 
been 
before 
batter 


C 
сата 
сап 
саг 
catalog 
change 


D 

data 
date 
decide 
decision 
deliver 


E 
early 
elther 
empty 
end 
exact 


F 
tact 
tault 
tina! 
first 
follaw 


G 
garne 
good 
great 
ground 
grow 


important 
include 
inform 
insert 
instead 


J 
Job 
join 
joy 
judge 
lump 
K 


keep 
key 


Phonemes 


A1, AY, Y 

А1, Y, B, UH3, L 

УН1, В, UH2, АН2, U1, T 

AE1, ЕНЗ, К, T, CH, U1, UH3, L 
AE1, EH3, D 

UH1, D, J, UH1, UH3, S, T 


B, E$, Y 

B, AE1, AE1, K 

В, A1, Y, 5, 12, К 
B, EH1, EH3, N 

B, Y, Е, O2, О2, R 
B, EH1, EH3, T, ER 


, 
E1, ЕНЗ, М 
H2, UHS, R 


E1, Y, THV, ER 

EH2, ЕНЗ, M, P, T, Y 

EH2, EH3, N, D 

EH2, EH3, С, PAO, Z, AE2, EH3, К, T 


EH1, EH2, F 

Р. AE2, ЕНЗ, K, T 

Е, AW, 1, Т 

Е, АН2, Y, М, UHS, L 
F, ЕВ, В, 5, Т 

F, AH}, AW2, L, O1, U1 


A1, AY, Y, T, CH 
H, АЕТ, EH3, N, D 
H, AE1, EH3, V 

H, AY, I3, R 

Н, EH1, V, Y 

H, АНТ, ЕНЗ, Y 


АНТ, EHS, 13, Y 

(1, 3, M, P, O2, O2, A, T, ЕНЗ, N. T 
М, 13, N, K, L, IU, U1, U1, D 

М. 13, М, Е, O2, O2, В, M 
M,N,S,R, R,T 

М. 13, М, S, T, EH1, EH3, D 


D, J, ЕНЗ, A1, AY, Y 

О, J, AH1, UHS, B 

D, J, O1, UHS, ІЗ, AY, М 
D, J, O1, ИЗ, ІЗ, АҮ 
D, J Онт. UH2, B,J 

D, J, UH1, UH2, M, P 


H3, A1, AY, Y 
1, Y, P 
„Үү 


к, 


Е 
К. Е 
К, Е 
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E2, EH3, DT, НЗ, L, AW2, АМ2, С 
D 


Word 


keyboard 
kill 
knowledge 


L 
language 
large 

left 
length 
listen 


M 

make 
many 
match 
memory 
message 


objact 
obsolete 
often 
amit 
other 


р 
раскаде 


qualify 
quantity 
question 
quick 
диігі 


R 

raise 
reach 
ready 
ramain 
resistor 


5 

sale 

sale 
schedule 
scrap 
section 


T 
talk 
technical 
terminal 
think 
time 


Phonemes 


K, AY, Y, B, O1, 02, R. D 
К, 11, I3, L 
M, AH1, УНЗ, L, 13, D, J 


EH1, ЕНЗ, UH3, L 

L, AE1, ЕНЗ, NG, G, М, 11, D, J 
L, АНТ, В, В, J 

L, EH1, EH3, Ғ, T 

L, EH1, EH3, NG, TH 

1,1, ІЗ, S, 12, М 


ЕН1, ЕН2, М 

М, А1, AY, Y, К 

м, Енг, EH2, М, Y 

М, AE1, EH3, Т, CH 

M, EH1, EH3, M, ER, Y 
M, ЕНІ, ЕНЗ, 5, I2, D, J 


EH1, EH2, N 

М, A1, AY, Y, М 

М, AY, 11, Я 

М, E1, Y, D 

М, EH1, EHS, К, PAO, S, T 
N, UH1, UH3, N 


02, 01, U1 

UH1, B, D, J, EH1, ЕНЗ, К, T 
АНУ, UHS, B, S, UH3, L, AY, Y, T 
AW2, AW2, F, 13, М 

O1, U1, M, 14, I3, T 

UHT, UHS, ТНУ, ER 


Р, ET. Y 
P, AE1, ЕНЗ, К, (1, D, J 
P, A1, Y, P, ER 


К, W, АМ, © 11, F, AH1, EHS, Y 
K, W, AH1, N, T, I3, T, Y 

К, М, ЕНТ, ЕНЗ, S, T, CH, UH3, М 
қ, W, 11, I3, К 

К, W, АНТ, EHS, АҮ, I2, T 


R, EH1, EH3, D, Y 
А, Е1, M, А1, AY, У, М 
А, Ei, 2, 11, S, T, ER 


5, К, EH1, EH3, D, n iU. U1, L 
5, К, A, AE1, EH3, P 
S, EH1, EH3, K, SH, UHS, N 


T, Et, AY, Y 

T, AW, K 

T, EH1, EHS, К, М, ІЗ, К, UH3, L 
T, ЕН, М, ЕНЗ, М, UH2, L 

ТН, п, ІЗ, ма, К 

T, АНТ, ЕНЗ, Y, М 


Y1, №, U1, U1 

UH2, UH2, М, D, ЕН 

Y1. IU, Ut, М, ІЗ, F, O1, A, M 
UH2, UH2, М, T, It, (3, L 
UH1, UH2, P 

В, A, D, J, ІЗ, N, T 


Table 2 continued: 


Word 


Phonemes 


UH1, UH2, 5 
Y1, ІШ, Ut, U1, 2 


V, E1, AY, Y 

V, A1, У, К, EHS, N. T 

V, АЕТ, UHS, L, 11, D 

V, AE1, ЕНЗ, L, Yi, IU, U1 

V, EH1, EH3, N, D, ER 

V, EH1, EH3, N, T 

V, ЕНІ, В, 13, Е, АН1, ЕНЗ, Y 
V, ЕНІ, R, Y 

V, E1, AY, UH2, UH3 

V, М, 13, К, T, ER 

V, O1, UH3, ІЗ, АҮ, S 

V, От, UHS, ІЗ, AY, D 

V, 92, O2, L, T 

V, АНТ, UHS, L, Y1, (U, Ut, M 


D, UH, B, UH3, L, Үз, IU, U1 
W, A1, AY, Y, D, J 

ұу, АТ, AY, Y, T 

М, АНТ, UHS, N, T 

ұу, UH1, UH3, Z 

W, AW, SH 

W, АНТ, UHS, T, ER 

W, AH1, UH3, Т 

W, A1, AY, Y, V 

W, E1, Y 

W, EH2, ЕН2, Р, UH1, М 
W, EH1, М, 2, D, А1, 13, Y 


Word 


when 
where 
which 
while 
whiskey 
white 
who 
will 
window 
winier 
wire 
with 
withdraw 
without 
word 
work 
wrong 


x 
X-ray 


Y 

Yankee 
yard 

уваг 
yellow 
yes 
yesterday 
yet 

your 


Speaking in Phonemes 

Table 1 lists the 64 basic phonemes 
of the English language. At first 
glance, it appears complicated, but it 
is easy to understand and use, Take 
the word “call,” for example. It is 
made up of three distinct phonemes, 
as follows (expressed in Votrax nota- 
tion): 


K, AW, L 


which correspond to the hexadecimal 
codes: 


19 3D 18 


Similarly, the word “disk” is broken 
into the phonemes: 


D, П, 5, K 


which correspond to the hexadecimal 
codes: 


2 
ғар 
2ЕГО 
zone 
zulų 


1E ОВ ІР 19 


See reference 3 for more details on 
this process. 

Causing the synthesizer to speak 
either of these words is done simply 
by sending the hexadecimal codes se- 
quentially to it. This is most easily 
done through a parallel I/O port 
under control of a program written in 
BASIC. Typically, if the synthesizer 
were connected to port O on your 
computer, the routine for saying 
"call" would be coded as follows: 


100 DATA 25, 61, 24 :REM 
Decimal Phoneme codes for 
"call" 

110 FOR А=1 TO 3 : READ P(A) 
NEXT А 

130 FOR А=1 TO 3 

140 OUT O,P(A) :КЕМ Latch 
Phoneme code into SC-01 

150 IFINP(0)20 THEN GOTO 

150 :REM Continue if A/R not busy 


Phonemes 


W, EH1, EHS, М 

W, ЕНЗ, A2, ЕНЗ, В 

W, (1, 13, T, CH 

W, АН1, ЕНЗ, 11, UH3, L 
W, М, 13, S, К, AY, Y 

үу, UH3, АН2, Y, T 

Н, ІМ, U1, U1 

W, (1, 13, L 

W, М, М, D, ОТ, U1 

W, М, 13, М, T, ER 

W, AH1, EH3, AY, R 

үү, 11, (3, TH 

W, 11, 13, TH, D, В, AW 
W, 11, 13, TH, UH2, АН2, U1, T 
ұу, ER, Я. D 

W, ЕВ, В. К 

В, AW, МС 


ЕН1, ЕН2, К, РАО, 5 
ЕНТ, EH2, К, РАО, S, Н, A1, 13, Y 


W, АН1, ЕНЗ, ІЗ, Y 

Y1, AE, EH3, NG, К, E1, Y 

Y1, АНТ, A, D 

Y1, AY, ІЗ, В 

Y1, EH3, ЕНЗ, L, O1, U1 

Y1, EH3, EH1, $ 

Y1, ЕНЗ, EH1, S, T, ER, D, A1, 13, Y 
Y1, ЕН1, ЕНЗ, Т 

Y, O2, O2. В 


2, E1, Y 
7, AE1, EH3, P 

Z, АУ, 11, A, O1, U1 
Z, O1, Л, М 

Z, lU, Ut, L, IU, U1 


160 NEXT A 

170 OUT 0,63 :REM Send STOP 
code to SC-01 

180 END 


Essentially any word or series of 
words can be spoken using this 
method. It isn't necessary for you to 
acquire special knowledge about 
word sounds to use a phonetic speech 
synthesizer, because many lists of 
word and phoneme equivalents are 
available. Table 2 is a list of some 
common words, A more extensive list 
is in preparation. 


Easy Interfacing 

What could be easier than pretend- 
ing that the Sweet Talker speech syn- 
thesizer is a _parallel-interfaced 
printer? It just so happens that many 
computers already have a parallel 
output port in the form of a 
Centronics-compatible parallel 
printer port, This connection is avail- 


September 1981 © BYTE Publications lnc 47 


05-272 CONNECTOR 


ры ! 

| p | je: 2 
| < | of 5e | 
| 7] № КҮТ 


"РНОНЕМЕ RECEIVED" 
CODE WORO M38 


LSB 


DATA- 
RATE- 
SELECT 
SWITCHES 


4.7 К 
TYPICAL 
FOR B 

„—~. ЈРВ 26 


COMS016 


COM2017 
CD4049 
MC 1489 
MC 1488 
Ica 
МС1489 


1 


-5y 


а 

ҚҰРТТЫ” 

VN Vr ae 
ore 


iY 
á | 34 
= © 
37 
HB? 
NO PARITY 
1 STOP BIT 38 
18 
c CRYSTAL 
5.0688 Mhz 


(C1 
COM5016 
DATA-RATE GENERATOR 


SWEET TALKER 
CONNEC TIONS 


л | 


Figure 6: Schematic diagram of a serial I/O interface for the Sweet Talker board, to be used in place of parallel ГО. The serial com- 


munication protocol is RS-232C. 


able on all Radio Shack TRS-80 
Model III and expanded Model I com- 
puter systems, as wel as many 
others. By connecting the Sweet 
Talker board as shown in figure 5, it 
is possible to fool the computer into 
thinking that the Sweet Talker is a 
printer, whereupon we can use 
LPRINT statements to drive it. The 
same machine-language routine in the 
BASIC interpreter that normally 
transfers ASCII (American Standard 
Code for Information Interchange) 
character strings to the printer will 
also work with the speech synthe- 


Бет. 
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A BASIC LPRINT statement will 
transmit any ASCII characters be- 
tween the double quotes (except the 
quotation marks themselves and per- 
haps a few control codes) whether 
they spell out something humanly 
coherent or not. As table 1 illustrates, 
all of the phonemes correspond to 
ASCII characters which produce the 
equivalent 6-bit code (the lowercase 
letters "a" through "z" correspond to 
hexadecimal codes 21 through 3A). It 
is possible, therefore, to type an “0” 
for the EH3 phoneme (hexadecimal 
code 00) or a “>” for PAI (hexadeci- 
mal code 3E). Using this technique, 


the program statement for saying 
“call” would be: 


100 LPRINT "Y =X" 


It's a good idea to add a stop pho- 
neme (corresponding to ASCI “77 
after the end of the word to cancel the 
last phoneme, The line then becomes: 


100 LPRINT “Y =X";"T"; 


The Sweet Talker speech synthe- 
sizer attaches to and handshakes with 
the computer in the same manner as a 
printer would, The A/R output is 
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connected to the Busy input, and the 

Unit Select line is grounded to simu- 
late printer attachment. The Sweet 
Talker's Enable input should also be 
grounded, The computer's LPRINT 
driver routine sends one character to 
the "printer" (speech synthesizer) and 
then checks the Busy line before send- 
ing another. When the Busy line is 
high again, the next character (pho- 
neme) is sent. 

The only area Юг concern is the 
pulse width of the data strobe (at- 
tached to J1 pin 21 with jumper ]Р1 
installed), as I previously mentioned. 
If it is less than 100 as, a type-74121 
monostable multivibrator should be 
added as indicated in figure 5. If you 
are unsure of the duration, add the 
circuit anyway. 

Once the interface is attached, a 
simple program can be used to test 
phoneme combinations. For example, 
sending "S*1L/( КҮ” will cause the 
unit to say "automatic," and 
"Y2M"*KIMB677" will make it say 
"continue." А simple test program ге- 
quires only three lines: 


100 INPUT A$ 
110 LPRINT A$;“?"; 
120 GOTO 100 


Using a Serial Interface 

Your computer might not have a 
parallel printer port, but a serial one 
instead. While the interface is more 
complicated, you can also use 


These items are available from: 
The MicroMint Inc 
917 Midway 
Woodmere NY 11598 
Telephone: 
(800) 645-3479 (for ordars) 
(516) 374-6793 (for technical infor- 
mation) 
Votrax SC-01 Speech Synthesizer Chip 
(single integrated circuit). ...... 
(5 or more, price each). ......... $55 


Sweet Talker Phonetic Speech Syn- 
thesizer, parallel-port version. Includes 
5С-01 integrated circuit, data sheet, 
and user's manual. 

Assembled and tested...,.-...$139 


Sweet Talker Phonetic Speech Syn- 
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LPRINT statements to drive the addi- 
tional circuitry shown in figure 6. 
This circuit is a full-duplex RS-232C 
serial interface which is capable of re- 
ceiving a phoneme transmitted serial- 
ly from the computer, converting it 
back to parallel form, and strobing it 
into the 5С-01, 

The timing relationships between 
the interface and the computer be- 
come slightly more complex. When- 
ever a phoneme is loaded into the 
5С-01, the А/К line drops and the 
RS-232C Data Terminal Ready signal 
goes low, After the phoneme has con- 
cluded, the UART (universal asyn- 
chronous receiver/transmitter) trans- 
mits a jumper-selected character (op- 
tionally preset on UART pins 26 
through 33) and raises the Data Тег- 
minal Ready line again. Proper tim- 
ing from the host computer can be ac- 
complished either by sending suc- 
cessive characters only in response to 
the "phoneme-concluded" code or by 
monitoring the state of the Data Ter- 
minal Ready line. 

The communication rate between 
the host and the synthesizer is switch- 
selectable from 50 to 19,200 bps using 
the СОМ5016 data-rate generator as 
shown. Communication is hard-wire 
selected Гог 8-bit data words, no рагі- 
ty bit, and 1 stop bit. À more in- 
depth discussion of the data-rate gen- 
erator and UART was given in one of 
my previous Circuit Cellar articles 
("I/O Expansion for the TRS-80, Part 


thesizer, Apple II plug-compatible ver- 
sion. Includes 5С-01 integrated circuit, 
data sheet, and users manual. 
(separate power supply not required) 
Assembled and tested .,,......$149 


MicroMint 3-voltage power supply 
(size 2% by 4\44 inches) 
Provides: +5 V, 300 mA 
+12 V, 50 тА 
—12 V, 50 тА 
(= 12 V not required by Sweet Talker) 


Assembled and tested. , . ‚$35 


All printed circuit boards are solder- 
masked and silk-screened. Please in- 
clude $2 for shipping and handling on 
any order, New York residents please 
include 796 sales tax. 


2: Serial Ports," June 1980 BYTE, 
page 42). 


In Conclusion 

What can you do with a computer- 
controlled speech synthesizer? I'm 
sure you have a few ideas. In any 
case, the benefits of electronic speech 
synthesis will surely propagate as 
more people learn how to use it. 


Next Month: 

A discussion of EPROM program- 
ming and the design of an intelligent 
EPROM programmer. B 
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Volume II presents articles from December 
1978 through June 1980. 


Meet HP Series 80: 


Hewlett-Packards newone-on-one 
computing systems for professionals. 


iH yrüginecrina 


Mash 


HF Series 80 Personal Computers for Professionals: HP-85 (932507) and НР-83 (522504) specifications: 
16K RAM expands to 32K, 32K ROM expands to 80K; CRT with integrated graphics; (HP-85 only; built-in 
thermal printer, cassette lape unit). Software includes VisiCalc PLUS, Information Management, Graphics 
Presentations, Surveying, Data Communications (Fall '81), Statistics, Regression Analysis, Math, Linear 
Programming, Waveform & Circuit Analaysis, BASIC Training. HP peripherals include flexible disc drives, 
printers and plotters. VisiCalc" is a trademark of Personal Software, Inc. 

*Suggested retail price excluding applicable state and local taxes — Continental U.S.A., Alaska & Hawaii. 
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Together, You can Analyze Technical 
Problems and Evaluate Solutions. 
Rapidly and Accurately. 


HP Series 80 personal computing 
systems provide the technical solutions 
you require. Quickly! Easily! Inexpen- 
sively! Analysis techniques that were 
formerly difficult and often impossible 
become part of your everyday work 
routine. You can evaluate functional 
behavior, select variable alternatives, 
perform cost analysis...and more... all 
with greater accuracy and using more 
variables than you thought possible. 


Series 80, VisiCalc™ PLUS 
And You 


HP's VisiCalc PLUS is a major new 
software tool. It's an electronic worksheet 
that instantly recalculates results as you 
change the variables. You ask the what-if 
questions and immediately see their 
effects on your solution. No program- 
ming is necessary... you can become 
proficient with VisiCalc PLUS in a few 
hours...and then watch your horizons 
broaden. VisiCalc PLUS features many 
powerful functions including statistical 
analysis tools and the entire HP Series 80 
BASIC math set. Plus graphics! Create 
professional presentations with curve-fitting 
plots, stacked or clustered bar graphs, 
exploded pie charts and line graphs, all in 
up to four colors, on paper or transparencies. 


ONLY FROM 
HEWLETT-PACKARD 


HP Series 80 personal computing 
systems are part of a forty-year tradition 
of electronic products built to uncompro- 
mising standards of excellence. Addi- 
tionally, HP Series 80 products are serviced 
by HP technicians and on-site service 
contracts are now available. We urge you 
to judge for yourself with a hands-on, 
one-on-one demonstration at your HP 
dealer. For locations, call TOLL-FREE 
800-547-3400, Dept. 276E, except 
Alaska/Hawaii. In Oregon call 758-1010. 
Or write Hewlett-Packard, Corvallis, 
Oregon 97330, Dept. 27GE "T 


Тір HEWLETT 


PACKARD 


System Review 


The Big Board 
A Z80 System in Kit Form 


David Thompson 
11740 NW West Rd 
Portland OR 97229 


I built the computer on which I'm writing this article. 
Even though I'm no expert at computer hardware or soft- 
ware, І assembled this system in a matter of weeks, begin- 
ning with a kit called the Big Board. 

Manufactured by Digital Research Computers of 
Texas, the Big Board is a single-board computer that 
packs an impressive set of features into an inexpensive 
package. By not providing the cabinet, power supply, 
keyboard, monitor, and disk drives, Digital Research can 
sell this heart of a powerful Z80-based system for $650 in 
kit form. For an additional $50, the board comes with all 
the sockets soldered in place—a real convenience since all 
the integrated circuits are socketed. 

The board is the size of an B-inch disk drive. It includes 
64 К bytes of programmable memory, а 24-line by 
BO-character video generator, a keyboard interface, room 


Photo 1: The Big Board kit as the author received it. The board 
itself is in the center, with the documentation partly beneath it. 
On each side are plastic bags containing parts. Cables with con- 
nectors are in the rear. 


52 September 1981 © BYTE Publications Inc 


for four 2 K-byte ROMs (read-only memories, “bank 
switched” along with the video memory), and a floppy- 
disk drive controller. Options include parallel and serial 
ports and an on-board timer. 


History 

About three years ago, J B Ferguson, an electrical engi- 
neer from Dallas, wire-wrapped together a 280-based, 
single-board computer and showed it to Jim Tanner of 
Digital Research. They then worked together to design a 
powerful, yet inexpensive, unit. 

Because of the small size of the board, they used LS 
(low-power Schottky) parts to keep heat problems to a 
minimum, According to Tanner, this choice almost killed 
the project. As recently as January 1980, LS parts were 
very expensive—too expensive, Tanner and Ferguson 
believed, for the Big Board to be salable, However, prices 
dropped so substantially before the end of that year, for 
both the LS parts and the memory, that Tanner and 
Ferguson decided to market the unit with a full 64 K 
bytes of user memory. 

Russell Smith designed the Big Board's monitor ROM 
and the custom BIOS (basic input/output system) for 
CP/M. The initial plan was to offer CP/M 1,4 with the 
board. But when version 2.2 became available, Smith 
went back to work and revised the BIOS. Source listings 
for both the monitor and BIOS are available free from 
Digital Research, Just ask for them when ordering the kit. 


The Kit 

The quality of the circuit board is readily apparent. It 
is solder-masked and tinned, which makes soldering 
easy. Salder-masking covers all the metal on the board 
except for spots where leads will be soldered. The compo- 
nent outlines and numbers are silk-screened on the top, 
and the holes for the component leads are plated through 
{they have metal deposited inside them to insure good 
connections). 
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Getting “STATIC” from our competition? . . if so, you're paying too much! 


Try Ours 


$179 


64K Static $895 
assembled 


16K Static $179 
assembled 


е STATIC RAMS © FULLY ASSEMBLED © FULLY TESTED е BURNED-IN © FULLY SOCKETED е INCREDIBLE VERSATILITY е BANK SELECTABLE 
е EXTENDED ADDRESSING е” DELIVERY FROM STOCK * SAVE HUNDREDS OF DOLLARS * INTRODUCTORY PRICE - ORDER TODAY 


The Memory Merchant Story 


Why hosn't memory come down in price like it should? Here's 
what is being done for you. 


High Performance and Low Price 16K Static Board 


You want the most cost-effective, high performance memory 
boards that technology will allow. With thot in mind we commis- 
sioned опе of the top memory designers in ihe country. We told him 
to design the boord with the user in mind. it had to sell for less than 
$200, И had fo run cool ond have low-power consumption. tt had to 
have both extended addressing capabilities and bank select 
copobilities at no additonal cost. You had to be able to de-select 1K 
blocks so the mamory could accommodate memory-mapped video 
displays or controller cards. The board had to be fost so a user could 
run his processor ot full speed. Finally, the board had to be relioble 
and easy їо install. He came up with all this and more. Here's a high 


16K Ram, Model MM16K14 Specifications: 


* Four independent 4КХ 8 byte segments 

е One АК segment ЖЕЙРЕН with ІК windows 

* Compatible with both existing bank select type | 
hardware and IEEE 696/5100 extended address protocol 

е Operation quaranteed to 4 MHz with 2-80 and to 
5 MHz with В085 processors 

е Low power consumption, typically 1.3 amps 

* Uses low power 300 ns 2114 (1K X 4) 


64K Ram, Model MM65K16S Specifications: 


а Operation guaranteed to 8 MHz 

е Compatible with both existing bank select type 
hardware and IEEE 696 extended oddress protocol 

s Fully loaded boord (64K) draws 400ma. while max. 
curren! is 550 ma. 

* Four independently addressable 16K submodules on one 
board organized as 2 pair of independent 32K banks or 
as 1 64K extended address роде. Each 32K bank re- 
sponds independently to phantom. Bank selact lagic is 
compatible with either Cromemco Cromix* or standard 
bank select software. 

® 2716 (5V) EPROM compatibility: 

Programmed 2716 EPROMs moy replace any or all of the 
Ram components on the board. 

* New 16K (2K X8) Static Rams which combine extreme 
low power (40ma. ON; 5ma. OFF) with high speed 
(200ns max. access time). 

е Also available partially populated to 48K or 32K. 

*Cromix із а trademark of Cromemco. 
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14666 DOOLITTLE DR. 
SAN LEANDRO, 

CA 94577 

(415) 483-1008 


TM 


Memory 
Merchant 


performance, fully assembled, tested and burned-in, guaranteed 
16K board that we ore introducing for only $179. Runs on any 5-100 
8080, 4 MHz 7-80, or 5 MHz 8085 system. 


The Most Advanced 54K Static Board 


The end user wants State-of-the Art when he buys a 64K board. 
So wa had our super designer put together the 64K board of the 
future with tomorrow's high speed processors in mind. This hoard 
had to work with oll S-100 systems, with currani processors ond 
future (up to 8 MHz) processors. It had to be ultra-low power. It had 
to be designed so the advanced user could populate the boord with 
progrommed EPROMs for special opplicotions. This board, teo, had 
to have both bank select ond extended addressing a! no extra cost, 
The board was also designed to be used оз о 32K or 48K boord and 
we are selling it that way, too. Put т additional chips when you 
want to increase the capacity! 

OEM and dealer inquiries Invited. 


No Risk Free Trial 


After you purchase one of cur boards you may return 
it (intact) for any reason within 15 days after shipment 
ond receive а lull celund. 

Free Six Months Memory Insurance 
We will replace any board purchased from Memory 
Merchont thet becomes defective through normal use 
for up to six months. 


Pes SS SE иш шиша пш эшип ии ии иш ша ла сы пп иш ип ки из иш eS 


] Yos! Please send me the Нет listed below. | understand that H I’m not 
| fully satisfied with the uct, | con got a full refund within 15 days 
| after shipment. (Send check, money order, or use your credit cord.) 
4 Note to credit card buyers: For extra fost service phone (415) 483-1008 
| шат — DESCRIPTION UNIT PRICE TOTAL SEND TO: 
"Г Гы |вөзе| | MEMORY mencnawr (г) 
14666 в Or, 
___| ак | 749,00] | san Leandro, CA 94577 
pL | 3x | (NO с.0.0.4) 
[| ] к |1900 О CHECK 
I C) MONEY ORDER 
n С] VISA 
С] MASTERCHARGE 
r Add 6% Tax (Must siso Мече ICAN) 
р сюн. — | _ EXP, DATE 
: = МАЮ. SONATE 
aL MEN ue ШЕНЕ 
! ADORESS _ 
1 itraet City Wate Dp 


Prices, ferms, specifications subject іс change without notice. 


TRS-80 Models | & 111 


SuperSoft LISP allows the TRS-BO to become 


a complete Artificial Intelligence laboratory! It | 


is the tool that takes you to the frontier of Com- 
puter Scienca. 

The SuperSoft LISP Is a complete and ful! im- 
plementation. (К is NOT a subset!) It contains 
an efficient garbage collector which optimizes 
the usage of user RAM, and supports the 
TRS-80 graphics. Below are some features: 


Runs in 16k level Il (with only 6K overhead) 
Fully implements atom property list structure. 
PROG is supported. 

FUNARG device із implemented. 

Efflcient garbage collection, 

Complete with LISP editor and trace. 
Allows complete range of single precision 
numeric data. 

е Works with old as well as new ROMs. 

ғ Contains 97 functions. 

ә Sample Programs. 


The LISP packaga is supplied on tape or 
discette and with a complete user manual. 


cassette version: $75.00 
(requires 16K level Il) 
Disk version: $100.00 


(requires 16K disk) 


Big Board 


Manufacturer 

Digital Research Computers 
oF Texas 

POB 401565 

Garland TX 75040 

(214) 271-3538 


Price 

Bare board with the monitor 
and character ROMs, $195 
Complete kit with sockets 
and ICs, $549 

Complete kit with sockets 
already soldered in place: 
$599 


Dimensions 
8.5 by 13 inches 


Processor 
ZBOA 


System clock frequency 
2.5 MHz 


Memory 

54 K-byte dynamic 
programmable memory: 
four 2 K-byte ROMs 
(bank switched); 

4 K-byte static video 
memery (bank switched) 


Mass storage 

On-board controller for up 
to four &-inch floppy-disk 
drives (single-density; each 
disk holds 240 K bytes for- 
matted} 


Other hardware features 
Parallel port far ASCII- 
encoded keyboard, 

24-іле by 80-сһагасіег video 
generator (composile or 
separated sync) 


Options 

Real-time clock; 

two RS-232 serial ports; 

two parallel ports 

(adding the options is simply 
a matter of plugging in the 
devices and adding a few 
resistors and capacitors) 


Software 

2 K-byte monitor ROM 
{comes with the kit}; 

CP/M 2.2 is available com- 
pletely configured far an 
additional $150 


Comments 

Putting the kit together re- 
quires some experience 
handling static-sensitive 
parts and a soldering iron. 
Some knowledge of 8080 or 
2.80 machine language or 
assembly language is 
important. 

Be sure to ask for a listing 
of the ROM monitor and 
the BIOS (basic input/out- 
put system) when ordering 
your board. The listings are 
free for the asking. 


(manual only: $15.00) 


Although the Big Board's documentation is not as de- 


tailed or well organized as Heathkit's, it is well written 
and contains the information needed. The assembly pro- 
Ж Tw cess is explained step by step, complete with boxes you 
айын ад ted АШ ES шш can check off, Because the parts' names and outlines are 
P.O. BOX 1628 stenciled in place, the process takes only a few hours. 
CHAMPAIGN, IL 61820 
(217) 359-2112 
Technical Hot Line: (217) 359-2691 
(answered only when technician is available) 


What You Must Know 
If you have had a high school electronics class, can 
solder with a small iron, and know how to handle static- 
sensitive parts, you should have little trouble building the 
Big Board. But there is more to getting a system running 
than simply building the board. Though the Big Board is 
well designed and easy to interface with the keyboard, 
Su rSoft video monitor, and disk drive, interfacing with other 
ре, peripheral devices requires some understanding of the 
First in Software Technology hardware, the monitor, and the operating system. For in- 


TRS-80 TRADEMARK TANDY CORP 
Сігсіз 384 on inquiry сага. =» 
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MGS8000 + 


WICAT Monochrome Graphics Terminal 


General features Graphics features 


28002 based 


19” display monitor 2 independent graphics planes 
Touch screen (optional) Lines, curves, arcs & circles 


Text features Pattern fill 

Half intensity Relative and absolute addressing 

Reverse video Object definition and relocation 

жез Applications 

Underscore Computer-based training 
Animation 


For more information Business graphics 


call! or write CAD/CAM 
WICAT Systems Process contro! 
801/224-6400. Scientific 


WICATsystems 


РО. Bax 539 


400 x 300 graphics resolulion 


Graphics text 


1875 South State Orem. Utah 84057 801/224-6400 


fordable graphics: | 


Photo 2: The empty printed-circuit board. Location markings 
and some circuitry are visible. 


Photo 3: Close-up of the printed-circuit board showing all the 
parts in place. 


Photo 4: The Big Board in place in the author's system, Resting 
on top of the cabinet is the power supply, originally built for a 
Digital Equipment Corporation controller. 
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stance, to interface a modem or printer, you will need 
some assembly code. Until you write code to convince 
the Big Board that something else out there "understands" 
it, it will continue to output everything to the screen. For- 
tunately, there is a vast, growing national user's group to 
help you bring up and interface the Big Board. 

When I received this board, I didn't understand operat- 
ing systems and had never written anything in assembly 
language. Part of the reason I got the Big Board was to 
learn these things. It was an incredible feeling, after 
building the board, to watch the operating system sign 
on, and later to see the first lines of text rasp their way 
across the printer platen. I knew that I would never again 
have to update listings by hand while seeing the latest 
version on the video monitor, 


Апа Once It's Running 

Once it's running, what can the Big Board do? The 
ROM-based monitor program that comes with the board 
gives you access to all the user memory and ports, lets 
you test memory to verify that it is operating properly, 
and lets you look at specific tracks and sectors on disks. If 
you purchase the custom CP/M 2.2 available with the 
board, you gain access to a world of utilities, languages, 
games, and applications programs. 

The Big Board is also electrically versatile, If you con- 
nect a standard terminal to the serial port (RS-232), the 
computer will make that port its standard input/output 
interface. Or if you are using a separate keyboard and 
video unit, you can select an output video signal to match 
almost any monitor made, The manual contains com- 
plete information on setting jumpers, including an exam- 
ple for the standard composite video monitor. 

How well does the Big Board work? So well that my 
only real complaint, dealing with the character set, has 
already been corrected. The vast majority of people who 
have bought one have had no problems. Considering the 
complexity of the Big Board, this is a remarkable achieve- 
ment, 


Conclusions 

If you are interested in building a powerful system, or 
in learning what goes on in the “engine room” of a micro- 
computer, or if you've ever had the urge to push the 
levers, blow the whistle, and increment the А register, 
Big Board is certainly one way to do it. When you get 
done, you'll have a truly persona] system for less than 
half the price of a "canned" system. Ала your system will 
be able to perform complex tasks like text editing. I use 
my Big Board for all my writing at home, including let- 
ters to relatives, notes to myself, and this article. BB 


The author is now publishing Micro Cornucopia, a magazine about 
the Big Board. The magazine appears bimonthly at an annual subscrip- 
tion rate of $12. For further information, send a SASE to David Thomp- 
son, 11740 NW West Rd, Portland OR 97229. 
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Complete systems. Morrow 
Designs hard disk subsystems 
are delivered complete with hard 
disk, controller, cabinet, power 
supply, fan, cables and CP/M' 
2.2 operating system. 

Widest range. Morrow Designs 
offers the widest range of hard 
disk systems available from a sin- 
gle supplier. 524" 8” 14" Five to 
over 100 megabytes of formatted 
hard disk storage. $2,995 to 
%17980. Cost effective systems 
that work. And keep working. 
S-100 and more. Morrow Designs 
hard disk systems are designed 
for use with the CP/M operating 
system. Available soft- 
ware packages allow our 
systems to run on any 
IEEE696/S-100 Standard 
system with no hard- 
ware modification. 
Plus, Cromemco?** North "Б 
Star** Vector Graphics, № 
Godbout, Dynabyte, 
Exidy**** IMSAI, Micro- 
mation, Processor Tech- 
nology and California 
Computer Systems. 


i 
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Reliable systems. Morrow Designs is com- 
mitted to hard disk system reliability. Not 
simply with a 90-day warranty, but with a money 
back guarantee. If our system fails to perform to 
specification, send it back. Well send back 


your money. 


“СРАМ is a trademark of Digital Research 
“Моћ аг 15 a trademark ol North Star Computers, inc 
""*Üroemamco 45 a trademark of Cromemco, Inc. 
^^*Exidy is 3 trademark of Ему Corporation, 
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Leading edge тишип, 
in hard disk systems. 


Experience. As of April, 1981, 
there were over fifteen hun- 
dred Morrow Designs hard disk 
systems successfully installed. 
In fact, over 200 independent 
systems integrators now use 
our hard disks to solve their 
mass storage problems. 
Performance answers. Morrow 
Designs hard disk systems have 
been benchmarked against all 
other systems. None is faster 
under CP/M. Morrow Designs 
hard disks operate at 1O times 
the speed of a floppy disk 
drive. Transfer rates range from 
590000 bytes to 900000 bytes 
per second. That kind of perfor- 
mance can become addictive. 
Cost effective answers. Compare 
Morrow prices and performance 
to anything presently available 
for S-100 systems. You'll find 
Morrow's price/megabyte/ 
performance ratio to be 
unmatched. Leadership in 


NT | disk systems technology 


earned us leadership in 
price/performance. And 
that may have earned us 
a call from you. Circle the 
Reader Service Number 
for our full line data sheets. 
Can't wait? Call us at (415) 


504-2101. And yes, OEM quantity prices are 


available. LOOK TO MORROW FOR ANSWERS. 


5221 Central Avenue, Richmong, CA 94804 
Circle 245 on Inquiry card. 


(415) 524-2101 


The Xerox Alto Computer 


In the mid-1970s, the personal- 
computer market blossomed with the 
introduction of the Altair 8800. Each 
year since has brought us personal 
computers with more power, faster 
execution, larger memory, and better 
mass storage. Few computer en- 
thusiasts or professionals can look at 
the machines of today without 
wondering: What's next? 


The Alto: a Personal Computer 
In 1972, Xerox Corporation de- 
cided to produce a personal computer 
to be used for research. The result 
was the Alto computer, whose name 
comes from the Xerox Palo Alto 
Research Center where it was 
developed. The Alto was the result of 
a joint effort by Ed McCreight, 
Chuck Thacker, Butler Lampson, 
Bob Sproull, and Dave Boggs, who 
were attempting to make a device 
that was small enough to fit in an of- 
fice comfortably, but powerful 
enough to support a reliable, high- 
quality operating system and 
graphics display, Their goal was to 
provide each user with a personal 
computing facility capable of meeting 
all individual needs and a com- 
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Thomas A Wadlow 
5157 Norma Way Apt 226 
Livermore CA 94550 


Photo 1: Two of the Xerox Alto personal 
computers. Each Alto processor is made 
of medium- and small-scale TTL in- 
tegrated circuits, and is mounted in a rack 
beneath two 3-megabyte hard-disk drives. 
Note that the video displays are taller 
than they are wide and are similar to a 
page of paper, rather than a standard 
television screen. 


munications facility that would allow 
users to share information easily. 

In 1978, Xerox donated a total of 
fifty Altos to Stanford, Carnegie- 
Mellon, and MIT (Massachusetts In- 
stitute of Technology). These 
machines were quickly assimilated 
into the research community and 
rapidly became the standard against 
which other personal computers were 
judged. 

It is unlikely that a person outside 
of the computer-science research 
community will ever be able to buy 
an Alto. They are not intended for 
commercial sale, but rather as 
development tools for Xerox, and so 
wil not be mass-produced. What 


makes them worthy of mention is the 
fact that a large number of the per- 
sonal computers of tomorrow will be 
designed with knowledge gained from 
the development of the Alto. 


The Hardware 

The Alto consists of four major 
parts: the graphics display, the 
keyboard, the graphics mouse, and 
the disk storage/processor box. Each 
Alto is housed in a beautifully 
formed, textured beige metal cabinet 
that hints at its $32,000 price tag. 
With the exception of the disk 
storage/processor box, everything is 
designed to sit on a desk or tabletop. 


The Graphics Display 

The graphics display is the most 
striking feature of the Alto. И looks 
somewhat like a television screen that 
has been turned sideways (see photo 
1). It is a raster-scan display, and the 
physical dimensions of the screen are 
B inches (horizontal) by 10 inches 
(vertical). The black-and-white 
display allows the user to address an 
area 808 pixels (picture elements) ver- 
tically by 606 pixels horizontally. 
This results in resolution of about 80 
points per inch. 

The method of display used is 
called bit-mapped raster scan. This 
means that every point on the display 
is addressable as a bit in memory. 
Although this method can take up a 
great deal of memory, it has the ad- 
vantage of making the display very 


For COMSAT... what many view as futuristic is 
already part of our everyday business and plans. 
We offer: 


e ORGANIZATION OF THE FUTURE— 
a private corporation working directly with 
governments, at home and worldwide. 


GLOBAL COMMUNICATIONS 

OF THE FUTURE— 

satellite communications systems serving over 
100 countries and some 700 ships at sea. 


OFFICE OF THE FUTURE— 

a partnership venture brings video conferenc- 
ing, electronic intra-company mail transfer, 
information and more, via satellite to business 
and government. 


FACTORY OF THE FUTURE— 
computer-aided design and manufacturing 
services and systems. 


HOME OF THE FUTURE — 
planned home entertainment through direct 
satellite relay. 


NATURAL RESOURCES 
MANAGEMENT OF THE FUTURE — 
advanced satellite technology to provide 


natural resource management through prac- 
tical conservation and environmental programs. 


e RESEARCH OF THE FUTURE— 
advanced R&D facilities offering the latest in 
communications product technology. 


Our rapid expansion has created career 
openings in such diversified engineering dis- 
ciplines as spacecraft design, signal processing, 
power systems, scientific software development 
and HF systems. 


We offer excellent salaries and benefits, as 
well as the challenge of being in the forefront of 
high technology. 


If you are interested in working with us, send 
your resume to: 


Senior Employment Representative, Depart- 
ment 81-6RC, COMSAT, 950 L'Enfant Plaza, 
S.W., Washington, D.C. 20024. 
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AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER. 


fast. Bit mapping also provides the 
user with a convenient method of 
screen access and the ability to easily 
look at the current contents of the 
screen, 

In terms of displaying text, the 
screen can hold 60 lines of 90 
characters (assuming the characters 
are equivalent to the typical 7 by 9 
dot character commonly found on 
most video terminals). Character 
generation is not done in hardware on 
the Alto. À character set may be 
created by a user and displayed on 
the screen. Mixed fonts are allowed 
so that text of various sizes and 
shapes may be simultaneously 
displayed on the screen. 

Since each dot on the display cor- 
responds to only one bit in memory, 
there is no facility for grays or inter- 
mediate intensities. Due to the large 
number of points per inch, however, 
various combinations of points can 
be displayed to form a "texture" that 
gives the impression of varying 
shades of gray. This is exactly the 
same method used to reproduce pic- 
tures in a newspaper. 


The Keyboard 

Superficially, the Alto keyboard 
resembles a typical typewriter 
keyboard with the addition of a few 
special keys. The keyboard is 
detachable, and quite comfortable for 
typing. It has the unique property of 
being entirely unencoded, Each key 
has its own signal line in the 


Photo 2: Display from the keyboara-test 
program. Тһе Alto keyboard has a 
separate signal line for each key and can 
thus tell when any number of keys are 
being pressed simultaneously. In the 
display, the black keys are being held 


down. The small square above the 
keyboard represents the mouse (see photo 
4); one mouse key is also pressed, 
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Photo 3: The Pinball game. Flippers are 
actuated by the two shift keys; an Alto 
port can be connected to a speaker to pro- 
vide bells and buzzer sounds, 


keyboard interface, which allows a 
program to take advantage of the 
possibility of “chord” commands, 
where the user holds down one or 
more keys. For example, Shift- 
Control-E is as easy for the Alto to 
read as А-В-С (see photo 2), Another 
advantage is the ability to determine 
how long a key has been held down. 
For example, the pinball game pro- 
gram in photo 3 determines the force 
of a shot by measuring how long a 
key is held down on the keyboard. 
There is, of course, software to allow 
a program to read the keyboard in the 
typical manner. 


The Graphics Mouse 

The mouse is a small box with three 
buttons on the top and several ball 
bearings on the bottom. A slender 
cable connects the mouse to the Alto 
keyboard (see photo 4). The buttons 
are named red, yellow, and blue, 
although the physical buttons are all 
black. The mouse is typically held in 
the user's right hand and rolled along 
the table on a soft piece of plastic 
that provides traction for the ball 
bearings. 

Movement is detected by the mo- 
tion of one of the ball bearings. The 
mouse reports changes in position to 
the Alto. From this, a cursor on the 
Alto display can be positioned. The 
physical position of the mouse on the 
table is unimportant, since only the 
change in position is reported. The 
mouse graphics interface is соп- 
siderably more flexible and comfor- 
table than a bit pad, joystick, or 
trackball. Many Alto programs can 
be controlled with the mouse alone, 
independent of a keyboard. 


The buttons on top of the mouse 
are also unencoded, for flexibility. 
Many programs distinguish between 
holding a mouse button on or clicking 
it on and off. This allows a program 
to receive input by moving the cursor 
to some designated spot on the screen 
and then touching a mouse button to 
make something happen. 


Disk Storage/Processor Box 

The processor and disk storage for 
the Alto are contained in a rack about 
the size of a waist-high filing cabinet. 
Each Alto has two 3-megabyte disk 
drives. The drives themselves resem- 
ble small pizza ovens and are often 
referred to in this manner. 

The "brain" of the Alto is a 16-bit 
custom-made processor intended to 
resemble the Data General Nova 
1220. The processor is made entirely 
of small- to medium-scale TTL 
(transistor-transistor logic) ICs (in- 
tegrated circuits). The processor 
operates at a speed of approximately 
400,000 instructions per second. Each 
Alto has an address space of 64 K 
16-bit words, including the graphics 
bitmap. By using a technique called 
bank selection, the Alto may expand 
its available memory in 64 K-word 
increments up to 256 K words. Ап 
Alto with 256 K words is known as a 
wide-bodied Alto. 

Quite a bit of the magic of the Alto 
is performed at the microcode level, 
The Álto can run up to sixteen tasks 
concurrently, and all of the schedul- 


Photo 4: The mouse input device. The 
operator uses the mouse to control cursor 
placement on the screen; it detects its own 
change іп position (a joystick relies on ab- 
solute position) as the operator rolls it 
around on a piece of soft plastic. The 
mouse also has three buttons, called red, 
yellow, and hlue. 
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ing and I/O (input/output) for this 
multiprocessing is done in microcode. 
The user has direct control over only 
one task, however. The user task is 
the lowest priority and must, if 
necessary, relinquish processing 
cycles to the other tasks that control 
the display, disks, keyboard and 
mouse ]/O, and Ethernet connec- 
tions, The user has direct control over 
the microcode and may rewrite it 
according to individual taste. 


The Software 

The Alto has the interesting prop- 
erty of using software (often 
microcode) to perform many tasks, 
such as keyboard encoding and 
character generation, that are typi- 
cally done in hardware. This ap- 
proach leaves the Alto with an occa- 
sionally cumbersome but highly flexi- 
ble architecture. 

Each Alto has a ROM (read-only 
memory) that contains just enough 
software to “bootstrap” an Alto into 
the local network (see textbox on this 
page). By keeping a bootstrap pro- 
gram in ROM, the user will always 
have a “safety net” to fall back on in 
case some other portion of the system 
software is not working. All of the 
Alto software can be retrieved from 
across the network. 

The Alto Operating System (OS), a 
program which provides a set of basic 
facilities for control and communica- 
tion with the Alto, is written in 
BCPL, a language very similar to C. 
Most programs, BCPL or otherwise, 
run under the direction of the Alto 
OS. Since the address space of an 
Alto is small, a technique called a 
“Junta” is used to permit BCPL pro- 
grams to shed unwanted sections of 
the Alto OS during execution. If 
those portions are needed later, they 
may be restored by performing a 
"Counterjunta." 

One BCPL program that runs on 
top of the operating system is called 
the Alto Executive (see photo 5a). 
This program speaks to the user 
directly and makes facilities available 
for file manipulation and program ex- 
ecution. Ап interesting feature of the 
Executive is that of escape expansion 
and file-name completion. Typing a 
partial file or program name followed 
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by an escape, in the same fashion that 
an ESC (escape) or ALT (alternate 
mode) might be sent from an ASCII 
(American Standard Code for Infor- 
mation Interchange) terminal, causes 
the Executive to complete the typing 
of the name on the screen. This 


allows a programmer to name a file in 
a descriptive manner (such as 
Gatewaylnformation.press), rather 
than typing in a long name. The Ex- 
ecutive program will recognize it as 
soon as it has read enough characters 
to determine the file uniquely. By 


The Ethernet Network: Interconnecting Personal Computers 


The Ethernet network, developed at 
Xerox Palo Alto Research Center by 
Bob Metcalfe and Dave Boggs, is a 
medium for the transmission of infor- 
mation. It is a multiaccess broadcast 
system used to link many computer 
systems that are physically within 
several hundred meters of each other, 
Each machine in the network is con- 
nected by means of a single, passive, 
coaxial cable. 

The Ethernet network is a packet 
network. Information to be trans- 
mitted from one node to another is en- 
closed in an "envelope" of data that 
describes the information (le: its 
length, a checksum for error control) 
and describes the destination of the 
resulting datagram or packet. 

Regulation of access to the Ethernet 
cable is performed by a system 
designated CSMA/CD (Carrier Sense 
Multiple Access with Collision Detec- 
tion), This technique works in exactly 
the same way that conversation among 
a group оў people at а party is 
regulated. А node with something to 
say waits until no one else is speaking. 
When everyone else is quiet, that node 
begins to broadcast. If another node 
also starts broadcasting, this is called a 
collision, When a collision occurs, all 
of the nodes that are broadcasting 
cease to do so. Each node waits a гап- 
dom amount of time and then listens 
for another lull, thus starting the whole 
process again. 

Each node on the network listens to 
the beginning of each packet. Once a 
node has determined that a packet is 
not addressed to itself, it stops paying 
attention to that packet and waits only 
for the end of the packet to allow it to 
prepare to listen to the next one. An 
Ethernet node may become "pro- 
miscuous and listen to all packets be- 
ing broadcast. This allows a very 
precise monitoring of statistics on the 
Ethernet system, since nodes 
generating traffic need not perform 
any statistical processing ar use any 


network bandwidth to report the 
statistics, А "silent observer" can 
watch the network without ever affec- 
ting the performance of that network. 

At first glance, the "cocktail party" 
approach to multiple access might 
seem awkward. А second look, 
however, reveals that the maximum 
packet length is only 554 bytes, and the 
speed of Ethernet transmissions is ap- 
proximately three million bits per se- 
cond, This leads to a maximum 
transmission time of about 1,5 ms 
(milliseconds), which means that even 
on a highly loaded network, the 
overall efficiency remains very high. 

An interesting aspect is that the 
Ethernet network itself is entirely 
passive, Regulation is done by each in- 
dividual node. This decentralization 
means that the failure of any single 
node will not significantly affect the 
network as a whole. Thus, the mean 
time between failures of the whole net- 
work is very high, making it a good 
choice for industrial or business ap- 
plications where downtime means lost 
revenue, 

The high speed of the Ethernet net- 
work rivals that of disk ГО. A file 
тау be loaded from across the net- 
work almost as easily as from a local 
disk. In a distributed information pro- 
cessing system, it is highly desirable to 
allow а file to be easily accessed 
anywhere on the network. А high- 
speed file transfer capability also per- 
mits a new machine to be integrated in- 
ta the network in just a few minutes. 

The competition in local networking 
is hot and heavy. DEC (Digital Equip- 
ment Corporatíon), Intel, and Xerox 
Corporation have recently joined 
forces to promote an Ethernet-based 
industry standard network. Wang 
Corporation, ІВМ, and Zilog have also 
proposed networking standards. 
Whatever the outcome, industry seems 
to have decided that the future is іп 
local networks. 
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typing a question mark instead of ап 
escape, the Executive will list all file 
names that are valid matches for the 
string typed thus far. 

The Alto has a highly flexible and 
rugged file system. Unlike many file 
systems (eg: Digital Research's CP/M 
or Radio Shack's TRSDOS) that limit 
names to six or eight characters with 
a three-character extension, the Alto 
file system permits file names of up to 
thirty-one characters in length. When 
a file name is entered for the first 
time, the file name is stored exactly as 
typed, even with regard to upper- and 
lowercase. Since the file names may 
be very long, this permits a program- 
mer to use upper- and lowercase to 
improve readability. LongFile- 
Name.BigExtension is much easier on 
the eyes than LONGFILENAME. 
BIGEXTENSION,. After the creation 


(5a) 


of a file, case is ignored when the user 
is speaking about the file, so either of 
the two names in the previous ex- 
amples, as well as longfile 
name.bigextension, would be valid. 

Alto files are divided into pages. 
Each page contains a small header 
that describes the current page, tells 
what file the page belongs to, and 
points to the places on the disk that 
contain the next and previous pages 
for the same file. This makes the file 
system almost indestructible. А pro- 
gram called Scavenger can auto- 
matically rebuild а broken file 
system. 

Of course, no Alto is an island, so 
software is needed to deal with the 
Ethernet network. Some of this soft- 
ware appears in the form of the 
NetExecutive (see photo 5b) and FTP 
(file-transfer program). The NetExec 


(5b) 


is a program that appears to be very 
similar to the Alto Executive, but it 
loads programs from across the net- 
work rather than from the local disk. 
This means that a user need not keep 
infrequently used or large programs 
locally. Instead, these programs can 
be loaded through the network (at an 
apparent speed of approximately 
800,000 bits per second) only when 
needed. FIP performs similar feats of 
file manipulation, but in a con- 
siderably more flexible manner. 
Although a great deal of software 
written for the Alto is in BCPL, there 
is a new contender for software 
development called Mesa. Mesa is a 
Pascal-like language that is incom- 
patible with BCPL because of dif- 
ferences in their respective 
microcodes. Mesa is expected to be 
the programming language for the 
successors of the Alto (see photo 5c). 
BCPL and Mesa are the system 
languages for the Alto, which means 
that the system utilities and many ap- 
plications programs are written in 
them. Other languages are available 
on the Alto, however. Much of the 
research work done on the Alto at 
Xerox is written in Smalltalk, an 
object-oriented language that is both 
easy to learn and highly powerful (see 
the special August 1981 BYTE issue 


(е) 


Photo 5: Examples of Alto software. Photo 5a shows a display of the Alto Executive, with an example of star and question-mark 
notation. Photo 5b shows the NetExecutive (similar to the Alto Executive, but it allows access to resources on the Ethernet). Photo 5c 
is a typical Mesa program being edited by Bravo; note the different typefonts used іп the program listing. Photo 5d is a directory from 
the Neptune directory editor. The file names in black have been selected for further operations such as printing or erasure. The cursor 
is displayed as a cross in a circle. Photo 5e illustrates Bravo's ability to change fonts (there are hundreds of fonts for the Alto, from 
Gothic to Elvish Runes; the central paragraph in this display has been changed to Greek). The document in the bottom window has 
been converted to the form shown in the top window. 


ФА September 1981 © BYTE Publications Inc 


Circle 233 on Inquiry card. ===} 


MicroMed™ and MicroDent™ make your practice perfect" 


TUS о Жыр 


'те the real solution to : nti 
mm and dentist's mr Ken acka 


Versatility. к Vc 
goo» nares sulin ОС to handie your nae. The ines surprise fal is that MicroMed and Морен 


We know you're after solutions, pot more problema, Our 


Ме Же Hotel fond! ра " 
ә Keeps track of referring doctor codes — / 


Demo disk and manual set 575! 


Не № computer vendors 
on a territorial basis. 


(213) 731-0876 - TWX: 910-321-2378 


(ба) 


(бс) 


Photo 6: Use of the Draw program. іп photo 6a, points are placed with the cursor, апа 
curves and lines are filled in by the program. Photo 6b shows that lines may be 
"painted" with a variety of "brushstrokes" (the cursor has changed to a small paint- 
brush). In photo 6c, texture is given to the lines; dotted lines are created with the 
scissors cursor. Photo 6d shows that the picture may be mathematically manipulated; a 
new figure may be created by reversing, tilting, or stretching a copy of the original. 


on the Smalltalk language). Another 
supported language is LISP, a list- 
processing language that is very 
popular in the artificial intelligence 
research community. 


Using the Screen 

А system with the advanced 
graphics capability of the Alto will 
make extensive use of those facilities. 
The screen may be broken up into 
windows, and each window may be 
accessed in a different manner, if 
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desired. Many Alto programs use 
only the mouse and screen windows 
for program control. For instance, the 
Neptune program is used for man- 
aging the contents of the Alto's local 
disks (see photo 50). A file may be 
deleted simply by touching the file 
name with the cursor, then touching 
the Delete spot on the screen with the 
cursor. Ав the cursor enters a new 
window, it may change shape, 
perhaps appearing as an arrow in one 
window and a paintbrush in another. 


Since the Alto is used extensively 
for research in the office automation 
field, a good text editor is an obvious 
requirement. Bravo is a text editor 
and formatter widely used on the 
Alto. In the tradition of screen- 
oriented editors, the current state of 
the user's file is always shown on the 
screen. Bravo is controlled partly by 
keyboard commands and partly by 
mouse commands. It allows a user to 
open windows into one or more files. 
Text may be added or deleted by 
pointing at the desired location on the 
screen (see photo 5e) with the mouse 
cursor, and giving a command via the 
keyboard or mouse. Bravo supports 
many different fonts and allows the 
user to change easily from one font to 
the next. In addition, Bravo 
remembers the changes that have 
been made to a document and allows 
the user to reverse any or all changes. 

Bravo allows the user to edit and 
format text, but often a person may 
wish to include illustrations in a 
document. To do this, a program 
called Draw is used. Draw is an in- 
teractive sketch-pad program that 
provides a variety of tools for 
creating and manipulating pictures 
made from lines, curves, and text. 
Draw divides the screen into a 
number of windows (see photo 6). 
The left side of the screen contains a 
menu of commands and a variety of 
brushstrokes that can be selected. 
The top of the screen contains an area 
for text commands and messages 
from the program. The middle of the 
screen is the picture workspace, 
Curves can be drawn by moving the 
cursor directly, or by selecting several 
points and allowing Draw to 
mathematically fit a curve to those 
points. Once an object is defined, it 
can be repainted using a number of 
brushstrokes. Since this is very 
similar to the techniques used by ar- 
tists and calligraphers, quite a bit of 
artistic expression is possible. Ап 
object can be duplicated, rotated, 
stretched, or shrunk, by means of a 
small set of commands and mouse 
gestures. 


The Network 
Each Alto is assigned an Ethernet 
address that identifies it uniquely on 
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Photo 7: The multiplayer Trek program. 
This game is played entirely under mouse 
control. The lower portion of the screen 
shows a short-range sensor scan; above is 
the long-range display, and navigation 
and weapons controls, 


the network. À typical Ethernet ad- 
dress might be 504100, which is 
meaningless to most people. To per- 
mit an easily remembered distinction 
between Altos, each is assigned a 
name. For instance, the Altos at Stan- 
ford are named after rivers and 
mountains in California State parks; 
Altos at CMU are named after jewels, 
and Altos at Xerox are named after 
people. This leads to such interesting 
names as Cypress, Turquoise, or 
Machiavelli, which are considerably 
easier to remember than 504100. 

Alto networks do not consist en- 
tirely of Altos. Several other devices 
are connected to the Ethernet net- 
work. One type is called a server. 
Servers are userless Altos that are 
dedicated to some specific function. 
А server might be connected to a 
printer. Thus, printing a file would 
actually consist of sending the proper 
messages to a Printing Server. One 
common type of server is a File 
Server. These machines support 
extra-large disks and are repositories 
for programs and files that are too 
large or too infrequently accessed to 
make storage on individual machines 
worthwhile. The Stanford File Server 
is named Lassen. 
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Photo 8: The multiplayer Mazewar 
game. The eye represents the persona of 
an opponent, Any Alto on the net can 
join or leave the game at any time. 


Due to the design of the network 
and the Altos, a new Alto can be 
wheeled in, plugged into the network 
medium (standard coaxial cable), 
and, with a blank disk pack fresh 
from the factory, become entirely 
functional with a full set of software 
in a matter of minutes. Ап Alto can 
also be disconnected, moved to 
another port in the coaxial cable, and 
reconnected without affecting either 
the performance of the network or 
the Alto. 

Several programs exist that take 
advantage of the distributed process- 
ing capabilities inherent in the 
Ethernet network. Of all of them, the 
most enjoyable are the games. Trek is 
a multiplayer "spacewar" game that is 
controlled primarily by the mouse 
(see photo 7). Mazewar is a multi- 
player romp through a realistic 
labyrinth (see photo 8). The unique 
feature of these games is that large 
numbers of users can join or leave the 
game as they please without affecting 
the play of the others. Since all the 
Altos can listen to the same packet 
(block information on the Ethernet) 
at once, the game program is never 
running on any single coordinating 
machine. Instead, it is running in- 


dependently on every participating 
Alto. 


The Future 

A stand-alone Alto is usable, but 
the best configuration is a group of 
Altos connected by ап Ethernet 
system. Since the Ethernet system is a 
local network, a special device called 
a gateway was developed to allow 
local Ethernet networks to speak to 
other Ethernet networks or packet 
networks of other types. Many com- 
panies are researching network 
schemes that would allow packet 
transmission across cable-television 
lines. Since these cables are currently 
installed in many homes and 
buildings, it is not difficult to imagine 
a city with an "information grid," 
analogous to the electric-power grid 
that exists today. Combined with an 
electronic mail system (a prototype 
called Laurel is used on Altos today) 
the possibilities are staggering. 

The Alto has been around for 
several years. As research tools go, it 
is covered with moss and gathering 
dust. But new products will be ap- 
pearing on the market based on the 
expertise gained in producing and 
using the Alto, The next few years 
should show a dramatic increase in 
the quality of personal computing 
and the ability to interconnect per- 
sonal computers. And the Alto is one 
of the first personal computers that 
satisfies the needs of the computer 
scientist as well as the secretary or 
businessman. № 
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Customizable 


The Unique Difference that Sets 
VEDIT Apart in Full Screen Editors 


Total user custornizability is a predominate reason that 
over a thousand users find VEDIT the easiest to use full screen 
editor. It makes VEDIT the only editing package which allows 
you to determine your own keyboard layout and use the cursor 
and special function keys on any terminal having thern. And 
only VEDIT fully supports all of the newly available terminals. It 
may come as a surprise to you, that with any other editor or word 
processor, you wil have to memorize obscure control 
characters or multi-character sequences, while your terminal's 
extra keys and editing functions go unused. The customization 
extends to setting the default tab positions, scrolling methods 
and much more. It’s almost like designing your own editor for 
your system, applications and preferences. And ай of this is 
easily done with the setup program which requires no 
programming knowledge or ‘patches’, but simply prompts you 
to press a key or enter a parameter. 


Unequaled Hardware Support 


The CRT version supports all terminals by allowing you to 
select during setup which terminal VEDIT will гоп on. Features 
such as line insert and delete, reverse scroll, status line and 
reverse video are used on ‘smart terminals. All screen sizes are 
supported, including large ones such as the 60 X 80 format on 
the Ann Arbor Ambassador terminal. Special function keys on 
terminals such as the Heath Н19, Televideo 920С and ІВМ 
3101, and keyboards producing 8 bit codes are all supported. 
The memory mapped version is extremely flexible and supports 
bank select and hardware cursors such as on the SSM VB3. 
With this level of customizability and hardware support, you will 
feel for the first time that the software was optimally designed for 
your system. 


Fully Compatible Replacement for Ed 


Since VEDIT creates and edits standard text files of up to 
one diskette in length, it serves as a replacement for the CP/M 


standard editor ED. Of course, you benefit from the fastest and 
easiest to use “What you see is what you get’ type full screen 
editing available, fast disk access and an editor which takes up 
only 12K of your valuable тетогу space. With VEDIT you will 
never again need or want to use the slow and tedious ED. 


Special Features 


VEDIT is more than just a full screen editing replacement 
for ED, it gives you many new editing capabilities, such as a 
scratchpad buffer for moving and rearranging sections of text, 
complete file handling on multiple drives and iteration macros. 
Amoung its special features you will find automatic indenting tor 
use with structured programming languages such as Pascal 
and PL/I, and other special facilities for Assembler and COBOL. 
А real time saver is the ability to insert a specified line range of 
another file anywhere in the text Unlike most software, VEDIT 
will even tolerate your mistakes, For example, one key will 
‘Undo’ the changes you mistakenly made to a screen line, and 
the disk write error recovery lets you delete files or insert another 
disk should you run out of disk space. 


Ordering 
Many dealers carry VEDIT, or you may contact us for fast 
delivery. Specify the CRT version, your video board or 


microcomputer, the 8080, ZBO or 8086 code version, and disk 
format required. 


VEDIT for 8080 or 780: Disk and manual............... $130 

VEDIT for CP/M-86: Disk and manual AEW) ............ $185 

Manual: Price refunded with software purchase ....,..,... $15 
VISA or MASTERCARD Welcomed 


CP M and МР 'M are regislered trademarks o! Digital Research. 
пс Apple Il is a registered trademark ol Apple Computer. Inc 
бой Саға is a trademark of Microsol. TRS-80 is а tiademark of 
Tandy Corp. 


* North Star * Cromemco * Heath H8/H89 * SuperBrain * Apple Il Softcard " TRS-80 Model || & Model | 
Most other CP/M Systems with CRT or Memory Mapped Displays * MP/M * СР/М-86 


CP/M 
CUSTOMIZABLE 
FULL SCREEN EDITOR 


CompuView Products Inc. 


618 Louise, Ann Arbor, Michigan 48103 * Telephone (313) 996-1299 


Gircle B9 on Inquiry сага, 


IF YOU WANT IOSIART — 
YOUROWN COMPUTER COMPANY 
YOU NOW HAVE THE COMPUTER 
TOSIARI WITH. 


The entrepreneurial spirit runs rampant A PASCAL that executes at assembly lan- 
in the computer industry. In fact, its cometo | guage speeds. An ANSI compatible BASIC 
our attention that a significant number of the that lets you write enormously complex pro- 
technical/engineering types have some thoughts grams that take up only a little space. A 
of starting their own company. у E sS 

we have come out with a computer Д M s ^ 


for them. And for those entrepreneurs with- 
in companies who are in a hurry to get their 
hot new project to market in a hurry. 

Its called the МРТ/100. | 

As you сап see, the МРТ/100 computer | 
is small enough to fit Іп whatever corner you 
set aside for furthering your own ambitions. 

And 101 cost you less than the price of a 
basic new car. 

This computer is anything but basic. 

Inside the МРТ/100, you'll find a 
16-bit microNO VA" computer. 64K bytes 
of memory. 80 column by 24 line screen. Full 
keyboard with numeric pad. 716 KB of on- 
line storage on two 358 KB mini-diskettes 
all packaged in a system that has the kind of 
software, compatibility with more powerful 
computers, ease-of-use and reliability that 
desk-top computers are noted for not 
having. 

Also unlike most desk-top 
computer software, some very 
sophisticated (read easy-to-use) 
big computer software is avail- 
able for the МРТ/100 com- 
puter: A multi-tasking 
FORTRAN that meets all 
the ANSI standards. 
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full range of user-friendly interactive program- you ve interfaced, all the blood, sweat and 
ming aids. And MP/OS, an operating system tears you've put into your company will grow 
anyone whos into operating systems will tell with you. Because we've invested no small 
you is опе of the most advanced in the world. amount of energy working to make our com- 
(Anyone who considers any of ће above puters compatible. 
to be of trivial importance should consider the The point here is that the МРТ/100 
fact that a single line of application code costs сап make you what a lot of companies have 
a good deal more than many microcomputers. become with Data General. 
And that cost is only going one way. ) Like Aero Systems Engineering, of St. 
Saving money on programming is only Раш, Minnesota, for example. They're far 
part of the attraction of the МРТ/100, It ‘les and above the leading manufacturer of com- 
saves you time. So you can get your company _puterized aircraft jet engine testing systems. 
up and running before anyone can do the A position they came to occupy partly by 
same thing. building test facilities that could cut fuel con- 
чч As you grow, all the software sumption rates by 35%. Partly because of 
EN you've written, all the peripherals our world-wide service. And partly because 
m —À they didn't have to wait eighteen months to 
get our computers. 

There is no stopping you from doing 

the same 

[f you want to get more detailed in- 

formation about the МРТ/100 computer, 

call your local Data General office or your 
|. Data General manufacturer representa- 
MPT/ 100 | tive. Or the distributors listed below. Or 
write us at: MS C-228, 4400 Computer 
Drive, Westboro, MA 01580. 

MP T/100 computers are available 
for off the shelf delivery from: 
SCHWEBER, HALL-MARK, 

т тщщ KIERULF F, ALMAC/ 
in, ho ex. M and 
E. КА.Е. in Canada. 
Look at it this way. 
7 Allof you who want to 
P" start your own computer 
company, are very lucky 
people. We didn't have 
| anybody to write to 
when we got started. 


€> DataGeneral 


We take care of our own. 


microNO VA, is a registered trademark of Data General Corporation. ©1981, Data General Corporation. 
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Tree Searching 


Part 1: Basic Techniques 


[Е is estimated that there are more 
possible games of chess than there are 
atoms in the universe. This means 
that if a computer could generate one 
million chess moves a second, it 
would take approximately 3.2 X 10% 
centuries to generate all possible 
games. How, then, can a $200 
microprocessor-based chess game 
(faced with analyzing a situation so 
complex) play not only minimal but 
fair-to-good chess? Several tech- 
niques are necessary, but one of the 


fa; 


Gregg Williams, Senior Editor 


most powerful in the field of artificial 
intelligence is known as tree search- 
ing. 

Tree searching allows a computer 
to determine the best of many alter- 
natives, while at the same time 
evaluating as few partial solutions as 
possible, Part 1 of this article deals 
with the basic techniques of tree 
searching on three levels: theory, im- 
plementation (through several BASIC 
programs illustrating the major 
techniques), and experimentation. It 


PARENT COMM 


SUCCESSOR NODES 


(b) 


Figure 1: Nomenclature of trees. Figure 1a gives the graphic representation of the state 
space of a problem as a tree. Trees are characterized by having only one start node (S), 
by containing only nodes that can be reached via the start node, and by having no 
arrows that lead to the same or lesser depth. Nodes na, nii, and ny are examples of ter- 
minal nodes; nodes ni, na, and паз are examples of nonterminal nodes; nodes ns, and 
п (shown in color) are goal nodes. Note that a goal node can be either terminal or 
nonterminal. Figure Ib shows the relationship between parent node піз and successor 
nodes na and паз. Here, n, is said to be expanded to generate ny, and ny. 
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will introduce basic terminology and 
some well-known exhaustive tree 
searches (those that will eventually 
generate all possible partial 
solutions), as well as an illustrative 
BASIC program (to solve the familiar 
sliding blocks "15-puzzle") that will 
be used in both articles. The second 
part will deal with admissible 
heuristic searches that use informa- 
tion about the system being searched 
to cut down on the number of false 
leads pursued; it will also cover 
nonadmissible heuristic searches, 
which attempt to find a quicker solu- 
tion at the expense of losing the cer- 
tainty of a guaranteed optimal solu- 
tion, or of finding a solution at all. 


Basic Terminology 

The purpose of artificial іп- 
telligence, according to one school of 
thought, is to produce computer pro- 
grams that will solve problems not 
easily solved by computers—prob- 
lems that can be solved by an "in- 
telligent" agent (usually a human). 
The solution to many of these prob- 
lems can be seen as the attempt to ar- 
rive at a solution (or goal) whose 
properties are unambiguously de- 
fined, from an initial state (or node), 
according to some specific set of 
rules. Between the starting node and 
the goal node are other nodes that 
represent intermediate positions. We 


It certainly is пісе to know those beautiful 
spring blossoms on flowering peach trees are 
sessile blooms. Sessile, according to Webster, 


simply means the flowers are 
not raised upon a peduncle. 
Well, thank goodness for that! 
And Webster adds that a 
peduncle is the stalk that sup- 
ports the fructification in 


a. really going to ap- 
ргесізге the "self reaching” 
simplicity of Peachtree Software's 
documenration. You'll be on 
your own in no time, with no 
need for "support." Our learn- 
by-doing manual shows you 
exactly what will appear on rhe 
screen. Menu driven, our pro- 
grams prompt you at every point 
with the selections available. 
There's sample data for self- 
training and practice, too. So 
goodbye forever to peduncles ... 
who needs ‘em! 

Wide variety of packages, all 
from the same tree. Here's just а 
sample. 

Magic апа?“ — With this ex- 
tremely popular word processing 
system, a minimum of com- 
mands performs basic functions. 
It's remarkably easy to use. Ánd 
you can now add Magic Spell" , 
the "dictionary" wich 20,000 
words. 

Sales Tracker™ is our most 
comprehensive product — a sales 
order processing system that 
could well be the most sophisti- 
cated microcomputer software 


p^ р TheVery BestOff-The-Shelf Software Is"Off-The-Tree: 


Peachtree Software" Eliminates The 


TheVery 
Best Off-The-Shelf^ 
Software Is 
“Off-The- Tree’ 


ever developed. It has the power 
of ANSI/COBOL and floppy or 
hard disk supporr. User- 
selectable options bridge the gap 
between accounts receivable and 
inventory. 

Peachtree Series 5 is an all new 
generation of BASIC General Ac- 
counting packages. It includes 
such user-requested features as 
the capability to access and up- 
dare, simulraneously, both the 
Accounts Receivable and Inven- 
tory data files. Hard disk option. 
Installation guides. Expanded 
data and report capability. 

The Peachtree Series 40 is 
adapted for the Apple II*'s 


| Pel и |+ |} " ЫЫ || 


some thallophytes. Big deal.... We at 
Peachtree Software are very pleased to assure 
you that due to our advanced technology, our 


thallophytes fructificate with- 
out the need of any support 
whatsoever! Software dealers, 
rejoice ... your peduncle wor- 
ries are over forever. Isn't 
modern science wonderful? 


standard 40-соіштп screen and 
single-density 54-inch disk 
drive, using the SoftCard™ from 
Microsoft® *. The series includes 
General Ledger, Accounts Re- 
ceivable, Accounts Payable, In- 
ventory, Mailing List, Payroll, 
and Magic Wand™ 


[, takes time to grow a tree, 
and we've been in che business 
ever since microcomputers 
scarted springing up in homes 
and businesses all across 
America. So our software systems 
are time-tested and user-feedback 
refined. Trust che Tree for Un- 
surpassed Documentation. For 
Feature-packed Systems, utiliz- 
ing the latest hardware technol- 
ogy. And trust the Tree for 
sophisticated programs, so easy 
to use, that “peduncle” may soon 
disappear entirely from the En- 
glish language! 

There are more than 20,000 
Peachtree Software packages in 
use today. To get yours, see your 
neacest dealer or call 1- 

800-835-2246 Ext. 35. In Kan- 
sas call 1-800-362-2421 Ext. 35. 


| 


ЕЕ 
Ы % 
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PEACHTREE SOFTWARE, 3 Corporate Square, Suite 700, Atlanta, Georgia 30329 (404) 325-8533 Telex П: 810-751-0273 PEACHTREE ATL. 


* Apple И is a гатан: of Apple Comparer, Hnc 


*^ &Lscrcvolr and SoftCard are trademarks al Microsoft: Consumer Ргодансть. Inc. 


Peachtree Software, Magic Wand, Magic Spell, and Sales Trackers arc trademarks of Peachtree Software, Incorporated 
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are interested in the particular se- 
quence of nodes that makes up the 
shortest path to one of several possi- 
ble goal nodes. Many nodes (usually 
an overwhelming number) do not lie 
on the optimum path, and the pur- 
pose of tree-searching methods is to 
explore as few of these as possible. 

А number of problems that do not 
seem to lend themselves to tree 
searches can be made to do so when 
described in a finite-state representa- 
tion. Sometimes, in the case of prob- 
lems that have a continuous (and 
therefore infinite) range of variation, 
this means quantizing the problem 
into a finite number of discrete steps: 
an example is considering the range of 
temperatures of 20? to 30°С as a set 
of discrete temperatures—say, 20.02, 
20.1?, 20.2?, ... 29.9?, and 30.0*. 
Theoretically, this results in some loss 
of accuracy, but most problems can 
be quantized in sufficiently small in- 
crements that accuracy is not a prob- 
lem. 

А finite-state representation con- 
. sists of the following: a start node, а 
well-defined node or set of goal 
nodes, and a set of rules or operators 
that allows the user to generate all 
permissible successor nodes from a 
given node. In some cases, the path 
from a node to its successor node 
(that is, one generated by the single 


Figure 2: А directed graph. This figure, 
which represents the structure of many 
"real-world" problems, differs from a tree 
in that successors may be in the same or a 
“shallower” depth (note colored arrows). 
The successor of пуз is nix the successor 
of п» is my. Tree-searching algorithms 
can be modified to handle graphs, but this 
artícle will deal exclusively with trees. 
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application of an operator to the 
parent node) may have a cost 
associated with it, with the cost of a 
goal node being the total cost in- 
curred along the shortest path from 
the start node to the goal node. The 
set of all nodes that can be derived 
from the start node is called the state 
space. 

А tree is one possible representa- 
tion of the state space of a problem. 
Ав shown in figure 1l, nodes аге 
represented as points, and the rela- 
tionship between a given node and its 
successor is shown by a directed 
arrow that points from the parent 
node to the successor node. We will 
label the start node S, and each of the 
other nodes' according to its rank 


(distance from the start node) and 
lateral position within the set of all 
nodes with the same rank (this 15 an 
arbitrary labeling, but it is orderly 
and useful) Referring to figure 1a, 
nodes пі, ma, and n, are all the 
nodes of rank one. Node п,, has two 
successor nodes, n;4 and п... Node п„, 
is the only node of rank four. 

Some nodes do not yield any new 
states upon application of the 
operators that define the transition 
from one state (node) to the next. 
These are called terminal nodes; ex- 
amples in figure 1а are nodes n;,, Naz, 
Паҙ, Das, Maz, May, Maz, and п,,. Nodes 
marked G are regarded as goal nodes; 
they can be either terminal or nonter- 
minal nodes. 


fa} 


GOAL GOAL 
COST = 13 COST «12 
fb) 


ABD 


GOAL 


COST = 18 


Figure 3: The traveling-salesman problem. Given the map in figure 3a, the objective is 
to find the shortest route from city А through cities B, C, and D. The tree of figure 3b 
gives the finite-state representation of the problem, with each node being a partial trip 
(eg: ADC is the trip from A through D and C) that has a cost dependent upon the route 
taken. Here the problem is discrete, and any node has only a finite number of suc- 
cessors; at node AD, only two "next moves" are possible: ADB and ADC. The shortest 


route is shown in color. 


Circle 376 on Inquiry card. 


“Together were working 
to better serve mankind? 


"Speaking on behalf of Vector computers, I’m pleased 
to announce that TRW Customer Service Division will 
provide a nationwide, nine-month on-site service warranty 
that you, the end-user, will receive absolutely free? 

“Га also like to add that this is a unique program. It's 
actually the first time a microcomputer has had this kind 
of comprehensive nationwide on-site service — especially 
from a company of experts like TRW. 

"Now you have even more security when you buy a 
Vector. In addition to increasing your personal productivity, 
helping you make faster decisions, and improving your 
business, we offer a network that will service us right in 
your office if we ever need it. At no expense to you. 

"Right now, you can get quick, dependable service in 
Los Angeles, New York City, Denver, Dallas, Chicago, San 
Francisco, Northern New Jersey, Philadelphia, Atlanta, 
and Boston. With more cities on the way. 

For more information and your nearest Dealer, call us 
at 800-423-5857. In California, call 800-382-3367. Or write 
to us at 31364 Via Colinas, Westlake Village, СА 91362. 

“TRW and Vector. Now that we're helping each other, 
there's no telling how much we can accomplish for уои" 


УМЕСТОЗ 


Vector Graphic Inc. 


COMPUTERS FOR THE ADVANCEMENT OF SOCIETY. 


* Within 50 mile radius of aTRW service center. 


Сігсіе 123 оп inquiry card. 


68000 LP on 
the S-100 Bus? 


YES, AVAILABLE NOW 
FROM DUAL SYSTEMS! 


ПВ mHz 68000 microprocessor. 


О 16-megabyte direct addressing. 


0 32-bit internal arithmetic. 


О Minicomputer type instructions 
including MULTIPLY. 


О FULL IEEE-696 $-100 compliance. 
Runs with all 4 mHz 5-100 boards 
and automatically runs faster 
when accessing Dual Systems 
memory boards, for FULL SPEED 
OPERATION OF THE 68000. 


О Powerful vectored interrupts. 
7 Vectored interrupts, including 
NMI, as well as alternate mode 
having up to 256 interrupts. 


О On board monitor ROM for 
immediate use. 


О Connector for future addition 
of memory management unit Юг 
multi-user operating systems. 


О Built to the highest industrial 
standards with 200 hour burn-in. 


CPU/68000 CPU board 51195 


32K-byte 8/16-bit NONVOLATILE 
RAM board, for secure storage of 
programs you are developing. 
Allows FULL SPEED CPU operation. 
СМЕМ-32К, per 32K-bytes .. 5895 


32K-byte 8/16-bit EPROM board, 
BPRCIBACHON „>. sut ы 5395 


Serial І/О board, SIO-2 $285 
All of the above with cabinet, power 
supply and backplane..... 53685 
OEM and Dealer pricing 15 available 


Sales eeprésentalrves in most metropolitan areas 


i 
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DUAL SYSTEMS 
CONTROL CORPORATION 


1825 Eastshore Hwy, Berkeley 94710 
(415) 549-3854 - TWX 910 366-2035 
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Often the state space of a problem 
will allow a node to generate as suc- 
cessor a node of equal or lesser rank, 
as shown in figure 2. In this case, the 
resulting representation is called a 
graph (or, more completely, a 
directed graph). This will call for only 
a slight addition to the search 
strategy, but the difference should be 
noted. 

Finally, as mentioned before, a 
transition from a node to its successor 
may have a cost associated with it. If 
so, the arrow connecting the two will 
be labeled with the cost; otherwise, 
the arrows are unlabeled and each is 
assumed to carry a unit cost. 


Some Examples 

First we will examine a discrete 
example; the traveling salesman 
problem. A traveling salesman in city 
A must travel to cities B, C, and D, in 
any order. Given the map in figure 
3a, what order of cities gives the 
shortest total mileage? 

In this problem, the nodes are par- 
tially completed (or completed) trips 
described by a sequence of the letters 
A, B, C, and D, restricted by the rules 


that follow, The start node is A 
(salesman in city A, no traveling 
done). Four goal nodes describe 
various routes, ABCD, ABDC, 
ADBC, ADCB. The rules are infor- 
mally described: from a given node, 
add the letter of any city that con- 
nects to the last city visited and that 
has not yet been visited. 

Since the number of cities is small, 
a full state-space tree is possible 
(figure 3b), and it is clear that the 
shortest route is ADBC, with a 
distance (cost) of thirteen. But what if 
there are ten cities? Twenty? What if 
some roads are one-way? 

Next we see a continuous example 
(here the state space must be cut into 
a finite number of discrete values). 
You have a faucet, a sink, and an 
empty glass with a horizontal line on 
it: fill the glass up to the line. 

First we must quantize the prob- 
lem. Suppose we say that the glass 
holds 100 ті of water. We сап 
reasonably set the smallest unit of 
water to be manipulated at one 
milliliter, The state of the problem is 
the amount of water in the glass, and 
the problem has 101 possible states: 0 


ADD 1 ті. ADD 100 ті. 
ADD 
ADD 30 ml. ADD 50 ті, 99 ml. 
GOAL 
ADD 1 ml. ADD 99 ml. ADD 25 ті, POUR OUT 49 ml. 
в GOAL 
POUR OUT 5 mi 
а GOAL 


Figure 4: The "quantization" of a continuous-solution space. Shown is a partial tree for 
the problem of filling a water glass to a specified mark. It is continuous in that the prob- 
lem space (the amount of water in the glass) can hold an infinite variety of states 
(amounts of water). By considering the glass to hald water only in single-milliliter 
increments, the problem space becomes discrete and finite, and thus can be represented 
to a computer. Goal nodes exist where the water level matches the mark on the glass. 
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The 

Ultimate IEEE 
S-100 Memory 
Would... 


О BE NONVOLATILE holding data 
for up to eight years with the 
power off. 

LI RUN AT 6 MHZ 
without wait states. 


D RUN IN 8 OR 16-BIT 
systems with В or 16-bit 
wide data paths. 


П HAVE EXTENDED 24-BIT 
ADDRESSING and bank select. 


О HAVE DYNAMICALLY 
MOVABLE WRITE 
PROTECT AREAS to prevent 
accidental erasure of programs 
and critical data. 

О GENERATE POWER-FAIL 
interrupts for orderly system 
shutdown & power failure 
recovery. 


... Available Now 
from Dual Systems 


The Dual Systems CMEM 


memory boards combine high- 
speed CMOS memories with new 
5-10 year lithium batteries to give 
ou the nonvolatility of an ЕРКОМ 
oard while retaining the instant 
writability of a high-speed 
read/write RAM. These industrial 
grade boards are ruggedly built 
and are burned-in for 200 hours. 


О CMEM-32K, 32K-bytes ... 5895 
О CMEM-16K, 16K-bytes.... $795 
О CMEM-8K, 8K-bytes. ..... 5695 


ОЕМ and Dealer pricing is. available. 


Sales representalives m mast metropolitan areas. 
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ml (empty), 1 ml of water, 2 ml, . . ., 
100 ml. (Here the word "state" seems 
more natural than "node"; the latter 
usually refers to the graphic represen- 
tation of the problem.) 

Time as well as volume must also 
be quantized, which restricts us to 
adding or subtracting a given volume 
of water "at one time." We have 200 
possible operators (some of which 
may be physically impossible for a 
given state); add 1 ml, pour out 1 ml, 
add 2 ml,. . . and so on up to add or 
pour out 100 ml. Finally, the goal 
node is any set of actions that brings 
the water leve] up to the marked line 
(wherever it happens to be). The 
state-space tree is large but finite; part 
of it is shown in figure 4. 


The 15-Puzzle 
Most of us have played with the 
15-puzzle: fifteen numbered squares 


OPEN = 
START NODE 


OPEN 
LIST EMPTY S- ЕЗ 
P 
NO 


PUT A (NODE AT TOP 
ОҒ OPEN LIST) ONTO 
CLOSED LIST 


EXPAND A FOR SUCCESSOR 
NODES, GIVING 


SEI: 1501, 512) 1... SEND} 


MERGE Sli)'s ONTO 
OPEN LIST 


that slide around in a frame that 
allows four units on a side. The 
blocks are given in an arbitrary order 
and the object is to slide the blocks 
until, read by row, they are in as- 
cending order with the blank space in 
the lower right-hand corner. (Math- 
ematician/puzzlist Sam Lloyd made a 
lot of money betting people they 
couldn't solve the puzzle. It was a 
sure bet; with the starting position he 

used, a solution was impossible.) 
We will use the 15-puzzle to illus- 
trate various search methods. The 
BASIC program SEARCH (see listing 
1) will implement different search 
techniques by changing only one 
subroutine. It wil] work for both the 
15-puzzle and (for computers with 
less memory) the order-3 variation: 
the 8-puzzle. In this article we will use 
the 8-puzzle for illustration; even 
Text continued on page 86 


EXIT WITH 
FAILURE 


TRACE POINTERS 
BACK, GIVING SOLUTION 


EXIT WITH 
SUCCESS 


Figure 5; The basic flowchart used to derive the SEARCH program of listing 1a. This 
flowchart is a modernized, generalized version of several given by Nils Nilsson in 
Problem-Solving Methods in Artificial Intelligence. The flowchart was written as struc- 
tured pseudocode (see listing Ib) before becoming the BASIC program SEARCH. 
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with your Apple 


COBOL Is the most effective business language. Over half the Apple 11$ now being sold are going 
Apple Il is the most friendly business computer. to business or professional users so demand for 
CIS COBOL with FORMS-2 brings together the quality applications Is growing fast, creating big 
best features of COBOL and Apple to enable you to business opportunities for you. 
deliver the most effective, user-friendly applications. Stability proven by the US Government. 
Business Programmers: Токе the COBOL CIS COBOL has been tested and approved for two 
expertise you have acquired on big business consecutive years by the US General Services 
mainframes, and use it on Apple Но create friendly Administration as conforming to the ANSI '74 
applications that will talk directly to your users - COBOL Standard. Apple Il under CP/M is included 
where it suits them best, on their own desks. in CIS COBOL's 1981 GSA Certificate of Validation 
CIS COBOL's dynamic module loading gives (at Low-Intermediate Federal Standard plus 
you big application capability and the FORMS-2 Indexed -О and Level 2 Inter-Program 
source generator lets you build and modify Communication). 


conversational programs from visual screen 
formats, creating much of the code automatically. 


Application vendors: CIS COBOL with 
FORMS-2 steps up the pace for your development 
ofthe high quality professional application 
packages needed today. And creating them in Micro Focus Inc., 1604 Clvic Center Drive 
COBOL makes them more maintainable. Santa Clara, CA 95050. Phone: (408) 248-3982. 


Get your hands on CIS COBOL at your 
Apple dealer. 


Talk business with him now! 


ШІ) MICRO FOCUS 


GE COME м FORMS- 2 for use on the Apple il with CP/M is an Apple Distributed Product. 
and FORMS-2 are trademarks of Micro Focus. CP/M is a trademark of Digitol 
ae meh liis a trademark of Apple Computer. 
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Circle 125 on inquiry card. 


Toughest Boards 
in Town... 
IEEE 696/S-100 


NON-STOP CLOCK 


Keeps time with power off, Our 
industrial clock utilizes a new 
lithium battery for 3-9 years use. 
Easiest clock to program you'll ever 
see, Runs in all 5100 systems. 


С Year, date, hrs, mins, secs, msecs 

О Uses new LS! CMOS chip. 

О Vectored interrupts. 

ССК 24.1, 0 unge гв. 5250 


А/О СОМУЕКТЕК 


IEEE696/5S-100 АІМ-12 industrial 
standard module designed for 
industrial analog-to-digital use. 


П Runs in all 5-100 systems. 

О 32-channel, 16-diíferential 0 12-bit 
resolution/accuracy. O 25-microsecond 
conversions, 

O Instrumentation amplifier. 

О BASIC program provided. O AIM-12, 
5695 or 5785 w/1-1000 gain transducer 
amplifier. 


D/A CONVERTER 


AOM-12 IEEE696/5-100 industrial 
level digital-to-analog (D/A) 
converter. 


О 12-bit + 1/2 LS.B. accuracy over 
full 0-70*C temperature range. 

О Outputs 0-10, 5 5, or 10 volts. 

О Short circuit protection, all outputs. 
О Switch-programmable for multiple 
boards. 

О AOM-12, 5575 


VIC 4-20 


Standard output for industrial 
control 4-20 mA D/A converter. 
Used in conjunction with the 
D/A board. 


VIC4-20, $445. 


DUAL 77 Data Acquisition 
and Control System- 


Built to industrial standards; designed 
for severe environments. BASIC 
language makes programming easy. 
Access to hundreds of sensors. 
Expandability to meet your increased 
needs. Nonvolatile memory. Power 
interruption recovery with automatic 
restart. DUAL 77 is economical; 
55985 & up. 


system reliability/system integrity 


DUAL SYSTEMS 
CONTROL CORPORATION 


1825 Eastshore Hwy. Berkeley 94719 
1415! 549-3854 - TWX 910 366-2035 
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Listing 1: The SEARCH program, written in Applesoft BASIC for the Apple II. Listing 
Та gives the program as implemented in BASIC. Listing 2, 3, or 4 must be added for this 
program to work. The subroutine that starts at line 9900 implements a given search 
method; all REM (remark) lines can be deleted to reduce program size. The diagnostic 
message printed by line 177 gives visual feedback on the progress of the program, 
although it does not give the correct value for the start node (node 1). The structured 
pseudocode in listing 1b outlines the processes ін SEARCH. Line numbers here refer to 
the "main line" of the program. 


1 РЕМ -BERCH ALDB)OHPRITEHFÉ AMD камын р, бИ E 
FEM -GREGO МИ ТАМ пу ТЕ Me [np POR 1702 НОМС MP 0 9 
" КЕМ 
і ROA 
au КЕМ s L15T1ND t! 


(4з 01 ею Ор. RECO 

if Dir AB Al ЕЖА, d) E ш лк ТЕ 

(ite РЕМ INITIALIZE PROGRAM 

[че СН енін 

ег. кен 

із" quin 

{= КЕМ МЕ КІ ІС ІШ-БМІІР ІПШГЕЗНІШ Е"ОРЕМ” ARRAY NOT ЕМЕ AND ExIT 
(4! ММ --VARLIABLE-" SEARCH" 


{бм Ш ЕФ Е’! |” THEM 499 
(58 REM 
(4 KER 


(59 КЕМ —* IND МЕ INDEX OF LOWES! ОРЕМ VALUE 
І7і GOSIP SQ 


(^ yr И P2999 THEN 495 

177 PRINT "177-EXPÓMD NODE "5Mig", ":0%1М1);!, VALI” OLNI? 
isa RCM 

185 КЕНІ -—PUT MODE ГО CCOSED;"SCRATCH" IM ОРЕМ ARRAY 

197 КЕМ BY GIVING LARGE VALUE 


190 CF co + L 
200 ПМ! = 90000 1 JUNI! 


220 REM 

225 REM 

2530 REM —UNFACH БОЛ FOS AND GENERATE SUCCESSORS IN As 
240 EFS = MIS СОН + 1,62) 


250 ES = MIDS (O84N1) HI, 1) 

55 GOSUR F10 

260 КЕМ --МОПЕ % N) IE PASSED AS ITSELF 

255 КЕМ —GENERATE SUCCESSORS 

270 GOSUB 9-200 

275 FER 

380 КЕМ 

205 REM —EVALUATE EACH FOR GOAL 5БТАТЦБ--бі NODES WERE GENERATED 
207 JF Bi О THEN 295 

290 PRINT "290--МО SUCCESSORS, МОбЕЧ; М) 

292 GOTD 470 

295 6% = "NUIT GOAL“: FOR HE = 1 ТО BI 

зн) REM —RETURN "GOAL" IF e*tM1) 15 GOAL NODE 

310  GOSUB Fua 

320 IF Gt "GOAL" THEN 3580 

330 Els = "ERIT" 

540 КЕМ 6 —-SAVE INDEX DF GOGL MODE 

360 КЕМ --FOLLOWING 18 "ELSE" BRANCH OF 320168 MOT = "GOAL" 
370 REM --UNPACK BOARD TO Еө,Ғ% ARRAYS 

260 Еж = MIDS САМИ, НЕ + 1,02) 

390 GOSUB 9190 

395 REM --EVAL H-HAT FCN FOR ES, RESULT IN Бі 

400 GOSUB 9900 

410 REM — FUT &*tM1) OM "DFEN" LIST 

azo 09 = 09 + I 

430 06107) = ды!) 

440 OUI) = RI 

450 NEXT МІ 

450 КЕМ --END OF DO-WHILE LOOP AT 150 

470 GOTO 159 

475 REM 

480 REM ——————— Rn eee 

483 КЕМ --THIS SECTION PRINTS EITHER SOLUTION OR FAILURE MESSAGE 
495 И Ge “GOAL” THEN S40 

босо КЕМ --TRACE ВОСК SQLUT ION 

$160 СОБОР ФӘСІЗ 

$20 GUTO 550 

S20 КЕМ —-NO SDLUTION FOUND 

540 PRINT + PRINT “МО SOLUTION FOUND" 

540 PRINT “MODES DM OFEN LIST: "i09 - Г9 

560 PRINT “NODES ON CLOSED LISTs:";C9 

570 ENG 

enon FOR 1 1 TO ға 

6010 FOR J = | TO RF 

8020 PRINT ҒӘ(СІ,125: MEXT J 

BOSG PRINT " ": NEXT І 

ва) RETURN 
В890 REM ------ аы йш енеш 
8895 REM —SUBRTM TO CHECK IF WEW BOARD F*(tI,J) 


Чең Eme фаер. ud қаға EUR CU ES i 


Listing Ia continued on page 82 


Circle 108 on Inquiry card. == 


The next generation 
of business software 


WHAT'S IN A NAME? 


We've changed the name of out produr! hne. | ТҮТІГІ) werd 
products "Phoemx" because wt? SEP the phot £j эз TED OF ede sg ot ghe 
symbol ol quahty. Unlortunately, a lat of other сонунун імен Міне 
а weil, and there WS Op conc erm that the: minket plon » wrnih! 
become conlused. 


Our new name, PALANTIR™ (pronounced pal'ntecc i tien сілтеуге teeters 
lor us unce Ws our corporalis name Ha ome liom IRR buen s Phe 
lord ol the Rings and describes а black crystal hall, à енер һөт 
used to sec things al o distance 


Whotever the name on the package, he «оймен on thee LL! boy биги! 
changed. Ht is sul] the highest соону business soltware yes can buy һә 
your microcompuler 


WORD PROCESSING 


We know word processing. А year and а hall agn the ovne 
Designer Soliware™ wrote a well known werd. pre esso don «итін 
company, In the last 18 months we've learned about other inanes ynn 
want ino word procesung parkoge. PALANTIR™ Word Pris som 
(ес Ош experience. ll i^ more powridul than orbes werd ptis soam 
packages you can buy and can compete, leatune for Pontis with one 
pensive dedicated word processors. 


м 


Many people have remarked that the user's танти we wrote onm ans 
the best ever for microcomputer software. Even so, we bolt thet yo conl 
hove mode n more accessible tothe non techne al user Wih PAL ANTIR® 


Designer Software” 


HOUSTON | (213) 520-8221 © Telex 790510 e Source TCU671 


мш: Um саша шы; ашы ашы, omes ишы: ав GRÉ “ы” Шш гыз ши шыш c ec a aa “ЖЫ GERE ШЫШ GS ТЫШ UE та» %- cam nd 


Wed Frons иур ме изүе в рен оне Тасти Manual with beginning, 
tende one advanced leweh. By allowing you lo work of your own 
lived e haya mede the learning process ease ond loss inimidoting. 


ACCOUNTING 


Aliae PALABSTIRT enero accountng pockoges (General Lodger, Ac 

rais Ree оул» and Payable, Payroll and Inventory} were designed by 
(VAS вой on amie packages tree mim and таш ато compulers. 
Ihe аманат» on COBOL with on integral assembly language date 
қуы Пу cines ро de al ew culomeled posting to the General 
leita An intern sermon handler perimus full screen Фао entry foi 
ped amd eaw ol ase Although we made cosmetic enhancements pror 
v ededebeitens Нн Bass pre eom. have been user levied for о! leav 


sone gl eters Т mentis, 


PALANTIK 7 Ac китин) abe includes o growing number ol зресйк 
opplic ation porc коео We have completed or scheduled lor completion 
Lad Amet, безен Processing Mial Management, Financial Projec 

tiv and Dime Billing, Fach package stands clone, bul many also work in 
безинин bon wil gather PALANTIR". parkages, For example, Мой 
Маната! will wok very well Бу Asell, bul we also desgned illo Fit in 
өмү vath the meri сероб, of Word Processing, 


With all PALABNTIR" Accounting we have pven special atlenhion to 
cheat armen Мем bang cemilenl tte des: ube whic h bultons іс push, wE 
have gben the bmi te explain the occounting penciples behind the pro 
mams am] how each parkoge helps to automate your obfice. 


il you want to bnm whut PALANTIR* Word Processing and accounting can do loyyour 
игит, rall wate, ій» or ise The Source fo request more wlormation, 


3400 Montrose Blvd e Suite 718 ә Houston, Texas 77006 


Circle 257 on Inquiry card. 


NORTH AMERICAN 
TECHNOLOGY, INC. 


Strand Build 
.. 474 Concord St, 


aia 
Peterborough, МН 03458 


ч 
(603) 924-6048 


С Endosed is my $200 check ог 
money order for the next 12 issues 
of the Personal Computer Letter. 

О Endosed is my $25 check or money 
order for a sample issue, applicable 
to subscription price. 


NAME 


ADDRESS 
CITY 
STATE жа 


шы мон ee ee жән сим паб 
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Listing Ja continued: 


8900 
Boos 
asia 
8315 
8920 
В925 
Bost 
67453 
ByYs37 
8738 
869653 
Во 
6995 
особ 
Fons 
7010 
7015 
7020 
F025 
9035 
9040 
$045 
7050 
0955 
а 
7065 
гу 
94071 
оча 
%09% 
y100 
92108 
9110 
57115 
9120 
9125 
2130 
PIAS 
9i 
9195, 
DOC 
F203 
99477 
92106 
92195 
9220 
9225 
9220 
225 

239 
9240 
w247 
газ 
F250 
7255 
9250 
9245 
9270 
9272 
9275 
90275 
9280 
9285 
928 
guo 
F293 
9295 
F297 
9502 
7305 
91205 
чзіо 
F315 
gig 
"57s 
9597 
F400 
9410 
PAZ 
2425 
39430 
94535 
9440 
9445 
9450 
9455 
7485 
7470 
9495 
gru 
9505 
73510 
981% 
9520 
29235 
7525 


Q3% = "NOT DUPLICATED" 
REM — CHECK THROUGH ALL EXPANDED NODES 
REM -- І.Е., NODES WITH O(1) >=90000 
FOR I = 1 TD 09: IF 001) < 90000 THEN 8930 
Fie = MIDS (A(T), Hi + 1,L2) 
IF ЕФ = F1$ THEN 05% = "DUPLICATED" 
NEXT I 
IF 05% = "NOT DUPLICATED" THEN 9958 
PRINT "H937--ECURRENT POSN IS DUPLICATE $44" 
RETURN 


THEN 9958 


REM -—SUBRTN ТО FINU Ni SD THAT OINH1) IS SMALLEST 


REM 
Бі = 99999;NM1] = 1 
FOR I = 1 TD 09 
IF DII) > z Bi 
$1 = О(11:Мі = 1 
NEXT I 
RETURM 
REM === 
REM —PACK BOARD F4IM,M) TO STRING ЕЗ 
РЕМ 
Fo = "" 
FOR B= 1 TU Ке 
FOR D = 1 TO R9 
Fe a FS + FS(B,O} 


THEM 9020 


REM --UNPACK STRING ЕФ INTO ARRAYS ERIN, N), РЕМ, М1 


FUR t = 1 TO R? 
FOR J = i Та RY 
Di = яе а (I — bi * J 
ЕФ{І, 1) = MIDS (ЕФ, 01,17 
F&IT,J) = MIOS (Еж, 01,1) 
МЕХ! J: NEXT Г 
RETURN 
REM ------ 
REM 
REM -- 
FOR I 
IF E9% = 
MEXT I 
29% 


і точ 


MIDE (0%, 1,1) THEM 9210 


MIDE (1,1,1) 


REM --09% IS FORBIDDEM DIRECTION TO EXPAND Ft 


FOR v1 1 ТО R9: 
IF EStXxI,Y1) = 8,4 
HEXT X1: NEXT Y1 
REM  -—41.Y1!*CDOORDINA^TE OF 
Gi 9 


FOR X1 1 TO RY 
THEM 9258 


"паме" IN PUZZLE 


EXPAND CURREN] РОЗМ Е® {1,9} WITH DIRECTION 69%, NODE Ni 
GIVING SUCCESSORS ҰМ APRAY ASIN) N=} TO G1 


REM --МЕКТ IS А LOUP THAT GEMEHATES 4 PÜüBSIELE SUCCESSORS 


51 = 1:49 x 0 

IF 81 4 THEN 9515 

iF MIDS (D4,51,]) = 09% THEN 9510 
X2 = ХЕ + X(81):Y2 = V1 + Visi) 

FOR f = 1 TO R9: FUR J = 1 TU RF 
F$11,J9 = ESCI,U): NEXT Js NEXT 1 

REM --EXCHANGE BOUARES (X1.Y1) AND (X2,Y2) 
IF 2 1 OR X2 R9 THEN 9310 

IF Y2 і OR Y2 R? THEN 9310 
ҒФіКІ,ҮІ! = РЕ(Х2,Ү2) FStx2, Y2) = ^," 
КЕМ --РАСК NEW BOARD AS NODE ІМ ASN) 
GOSUB 9050 

НЕМ --СНЕСК FOR DUPLICATES IN 0% 
BOSUR 8990 


TF 05% = "DUPLICATE" THEN 9310 


КЕМ —NODE=FOINTER BACK+DIRECTION+PACKED ARRAY 


АЗ = a9 + 1 

BÜSLUB 9400 
ASATI = Q& + MIDS (0.511) + FS 
бі = GI + 1 
Si = G1 + 11 BOTO 9245 

RETURN 

REM 
REM 
НЕМ 
ОФ = 


Anil dung AUi i De Ie даны адын ttr TD 


5ТЕ% (NL) 
Di = LEN (0%) 

REM --АПЮ LEADING ZEROES ТП oe 
02 є 08 ~ С 

IF 92 з ü THEN 9440 

PRINT "SIZE ERROR IN 9400--АВОВТ JOB": END 
IF 02 = б THEN 7455 

FUR I = 1 TO 02 
0% = “0% + Oss NEXT I 

RETURN 
REM ------ 
REM ~-~SUBRTN TO INITIALIZE РОМ 

REM 
DA = JRF = F 

DATA -1,0,04,1,1,0,0,—1 

FOR Гм | TD 4: READ Xit YII: NEXT I 
Dg = "DLURB":I* = ТІНІН” 
£96 тп "ge 
Q29 = "),2426758": GOTO 9825 


ác 


--BuBR CONVERTS M1 TO А STRING OF CHARS, LENGTH ОЧТРОТ IN D$ 


PRINT : PRINT “ENTER FUZZLE ТО БЕ SOLVED IN "Үй? Ж RY:° CHARACTERS" 


Listing 1a continued on page 84 


COMPUTER 

ON S-100 BUS 
DESIGNED TO 
SATISFY A WIOE 
VARIETY OF 
APPLICATIONS. 


STANDARO FEATURES 


iNcLUDE: CFP М эә.г 
OPERATING SYSTEM, 64K 
EXPANDABLE, HANKSE- 
LECTABLE MENOR vY,aMtHZ 
ZB8OA CPU WITH 4 SERIAL 
AND 3 PARALLEL PORTS, 
RELIABLE B" FLOPPY DISK 
DRIVES IN A STURDY ALL 
METAL CABINET. 

с 4900 
MPM OPTIONAL. 


c P АМР ығы И РАУ THAN АЛАНЫ 08 ТА Wi^5i АЙ: Н 


2ОВЕХ ` 


P.O.BOX 1847 BAN DIEGO,CA.S2112 
7343-39 RONSON АО, БАМ DIEGO,CA.921411 
(774) 571-6971 


Circle 305 on inquiry сага. 
[rl Tr TE EL DEP LL сағ 


Factory 
Direct 


ELIMINATE THE MIDDLE MAN! 


T б STATIC 
=< 


Listing Іа continued 


7550 INPUT (2% 
957% IF CEN (07%) = R9 Е R9 THEN 9550 
7549 PRINT 1 PRINT "ERROR ІМ PUZZLE ENTRY - TRY AGAIN. " 
7545 БОТО 9525 
99а OF = 1:011) = б 
95057 М1 із GOSUR 94CÓ 
RSA үндік = OF + “HY + FG 
9588 REM -- ABOVE 15 INITIALIZATION ОҒ “DPEN” LISTS, ARRAYS O AND OF 
9560 ҺЕМ NEXT ГБ INITIALIZATION ОЕ "CLDSED" LIETS——C AND C* ARE BUTH EMPTY 
9955 CP = 0 
975 Hi = ОВ + LLA = H9 H3 
ugnu E149 = "SEARCH*' 
5 6% = "MO GOAL* 
95а? RETURN 
9590 REM —— 
79] KEM --БИРРТЫ TO SEE IF BOARD IS GOAL NODE 
5475 REM RETURNS 5%= "БОР." ПЕ "NOT GOAL“ 
тын GI% = “127345470 " 
910 IF RP = 4 THEM Оф = "12735455 7B8"VABCDEF., " 
94515 QA RIGHTS СА. LZ) 
ги IF бж 04$ THEN Ge "ВОДЕ н: МА [je +“ 


RAM 


p: ums een goat a 


RAM 16 


4 REM — Me-i(Mak: OF GOAL МОЕ з =09+1 HECAUSE 09 PUINTS TO LAST 
COMPARE OUR FEATURES! Ф REM MODE FILLED: БЕЕ 420-440 
5-100 = 16K X 8 Bit Static RAM = е КООР $ "ilem 
2114 1K X 4 Static RAM Chip * 2 or 255 МИМ Мес. m ным 
4 MHZ * 4K Step Addressable е 1K "hi REM ӨШӘНІМ 10 TRICK BEC! AND PRINT SOLN FROM ОЖ МІ + 
Increment Memory ® Protection 9792 REM 
tour cf T 


from Top Board Address Down or 
from Bottom Up * Deactivates up 
to 6 1K Board Segments to Create 
Holes for Other Devices © Phantom 


Thu НЕМ DUO UNTIL POINTER =" 
ЗАТО ОФ = MIDE ‘ORNS! ЯНВ» 1.4) 
7019 ІР 05 "E" THEM 9820 


47 НЕ 81 4 1104171; = 0% 
Line DIP Switch е DIP Switch Selec- " nie LER TS DB He Le) 
table Wait States 9 8 Bank Select әр > = ч к, == — 
Line Expands to Я Million Bytes 9 e E «Bh THE е 
555 REM" - ODM: PRINT м UR- OF RS FROM F1 TO 1 
АЙ Data Address and Contral Lines к ЇЕ R - и ІНЕН PA» * FRIMT “ZERO ERROR 1M ВАСІ TRACI ING": BOTO Fae 
Are Input Buffered * Ignores vO бо pethet РЕГИ чна Нам 15 “ 
Commands at Board Address * Our X» ROR м Pi mi y dH у 
Most Popular Board — Over 5000 Әңез БАНИ " МИМ; 
\ n уыз {к m 
Now іп Use Worldwidel ни JM) ии Rie” MYL Me 
А & T Factory Direct Price: TE, { ткн они в 
$175 00 РЕ M НІ!!! 
‘ eat } 
© 
One Year Warranty 
DON'T PAY MORE! (1b) 
Doa 120 EXIT эпо, GOAL =по part of initialization routine 
OPEN = «start node» 
150 do while OPEN not empty and EXIT =по 
170 :А zx top node Іп OPEN 
: ———— 190 :put А from OPEN to CLOSED liat 
NEW! — RAM 65 270 sexpand А giving successors A(N) 


All of the Above Advanced Features 


PLUS: Bank Selection by I/O 287 if successors exist 
Instruction Using Any One of 256 295 : for each successor 
" Switch-Selectable Codes а This 310 - - :evaluate successor for goal status 
Allows Up to 256 Software Con- 320 : А АҒ node-is-goal 
trolled Memory Banks! е Our Most — 47. 
Advanced 16K Add-On Board. ж zo 2 - a dax of good node, GOAL = Yes 
А & T Factory Direct Price: ee 
1 С 5 00 400 - : : ‘calculate "value" of node 
М 420 220200: merge node and value into OPEN list 
One Year Warranty + 1 endH 
DON'T PAY MORE! 450 > 3 ^ "A of for-loop 
à төп 
All of out Boards Are the Highest 470 РЕР 


uality MIL SPEC G-14 Fibreglass. 
АЙ utilize Solder Mask over Copper 
Technique for Higher Reliability! 


MIX AND MATCH FOR BEST PRICING 495 if GOAL yes 


Include 5300 shipping & handling per 510 ‘find solution by tracing nodes back from С 
order. California residents include 6% tprint full solution 
sales tax 
DULL X у. 
ЕГЕ Т А 
and availability subject vo cha fut amen 540 ‘print failure ан 
international tales іп U.S. funds anly. COD' endif 


include 25% with order. 


Quality Computer Parts 
Р.О. BOX 743, DEPT. B1 
CHATSWORTH, СА 91311 
| Telephone (213) 882-3142 
Е ағ SR II AA 6 IE II ] 
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570 end program 
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...is the Heart 
of the 
Microprocessor 
World's 
Best Multi-User 

System... 


THE DISCOVERY MULTIPROCESSOR 


The ACE DISCOVERY MULTIPROCESSOR dedi 
cales a complete 64K 2-80 Distributed Processing single 
board Computer. the dpo 180" to each user. An ex- 
panded DPC coordinates all of the system activities. 


Pant bee 


New packaging 
available, 


Vector exclusivas; 
Your choice of 
plastic or metal card 
guides, fixed or adjustable 
positioning. Mount connectors or motherboards without special 
hardware or hole 
drilling. Vector 
ships more 
card cages 
and packag- 
ing off-the- 
shelf, than 
any other 
company. 
For expert 
assistance, 
call the 
packaging 
professionals 
in California, 
(213)365-9661, 
к outside 
California, 
usg Gur toll- 
ӨМ free number: 
! (800)423-5659. 
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| № 4 L P 

4 3 » 
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Text continued from page 78: 
with this 3-by-3 puzzle, the search 
tree grows rapidly. 


Elementary Strategy 

А certain form can be used to im- 
plement any search strategy. It 
assumes the following: two lists 
called OPEN and CLOSED, the 
former for nodes that have not been 
expanded (ie: that have not had all 
possible successors generated) and the 
latter for nodes that have been ex- 
panded; an algorithm for generating 
all legal successors; and an algorithm 
for determining whether or not a 
node is a goal node, One final 
algorithm, f, which implements the 
given search technique, provides a 
function that is used to order the 
members of the OPEN list to deter- 
mine which node is to be expanded 
next, 

The general algorithm is given in 
flowchart form in figure 5. It may be 
described as follows: 


1. Place the start node on OPEN, 
CLOSED is empty. 

2. If OPEN is empty, no solution 
exists; exit with failure. 

3. Otherwise, let A equal the node at 
the top of the OPEN list. Take A off 
the OPEN list and put it on the 
CLOSED list. 

4. Find all possible successors of A, 
named S(1), 5(2),...5(№). 

5. If there are no successors (№ 0), 
go to 2. 

6. Check the successors for goal 
status. If one is a goal, go to 8. 

7. Calculate the f-values of each suc- 
cessor and merge the nodes into the 
OPEN list so that the OPEN nodes 
are sorted in ascending f-values. 
Also, place a pointer in each suc- 
cessor node that points back to the 
parent nade A. Go to 2. 

8. Trace the goal node through the 
pointers to the start node. This 
sequence, reversed, is the solution. 
9. Exit with success. 


The method described above is ex- 
haustive and complete—that is, it 
always terminates. If it returns with 
an “exit with failure,” it is because all 
nonterminal nodes have been ex- 
panded without finding a goal. 
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ttCompared to the brands 

Ive used before, Verbatim 

Datalife is the best yet!9? 
Sandy Tiedeman 
Las Vegas, NV 


«Мем, Verbatim helped 
eliminate I/O errors on 
my Apple.99 

Richard Adams 

Ft. Walton Beach, FL 


«1 would prefer Verbatim 
Datalife over any brand I've 
ever used.99 
Skip Piltz 
Overland Park, KS 


«Му experience with 
Verbatim diskettes has been 
excellent. I've used several 
boxes over the past few 
months and they've all been 


error-free.99 
Robert Roeder 


Las Vegas, NV 


ttMuch stronger, better 
centering. A definite im- 


provement.99 
Leroy LaBalle 


Marrero, LA 


«11 has worked perfectly 
everytime!99 
Richard Ruth 
Shippensburg, PA 


€t] like the thicker pro- 


tective cover. 99 
David Hendel 


Lititz, PA 


ttGreat! І have had no 
problems!99 
Timothy Roscoe 
Mechanicsburg, PA 


SMLLIEL SU UE LPILLU 
лай v а tracemark of Verbatim «wp 


«50 far my Verbatim disks 
have been performing flaw- 
lessly. Not always so with 
other disks.?? 

Chris Otis 

Hoffman Estates, IL 


tt Runs quieter in the disk 
drive.99 
Richard Cannova 
Los Angeles, CA 


tt Verbatim disks are super. 
They're our standard for 
quality.99 
Bob Mills 
Mission, KS 


ttAnything that prolongs the 
life of a diskette is a plus. 
Thank you Verbatim for an 
excellent improvement.9? 
Steve Toth 
Piscataway, NJ 


ttOf the 130-plus Verbatim 
disks I have, I'm not aware 
of any problems. I'm sure 
the improvements will give 
your disks an even longer 
Ше.” 

Gerald Janas 

Warren, MI 


tt FANTASTIC. Not a single 
registration problem. Much 
more reliable than what 1 
had been using.99 
Gary Sandler 
Playa Del Rey, CA 


ttVerbatim is much more 
reliable. I wouldn' trust 
anything else.99 
Howard Chin 
Pomona, CA 


et Thank you for the im- 
provements. Just another 
reason why IT always use 
Verbatim.9? 
James Hassler 
Cheyenne, WY 


Wo introduced Verbatim 
Datalife mere months ago. 
And it's already playing to 
rave reviews like these. 

But don't take anybody 
else's word for it. Try it your- 
self, and see if you don't 
agree it's the best media 
you've ever tried. For the 
name of your nearest 
Verbatim dealer, call (800) 
538-1793, in California call 
(408) 737-7771 collect. 


We play it back, Verbatim! 
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PRICE— $450 
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Call or write Artec for details. 


ARTEC ELECTRONICS, МС. 
605 Old County Rd., San Carlos, CA 84070 
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Overview of the SEARCH 

A complete explanation of the 
SEARCH program would be unreas- 
onably long, so 1 am including only 
those points that will save the reader 
from puzzling through the mechanics. 
All comments refer to the 15-puzzle 
version. (Conversion to the smaller 
8-puzzle is achieved by changing the 
value of R9 to 3 in statement 9500 of 
listing 1.) 


eThe program in listing Ла is 
equivalent to the structured pseudo- 
code of listing 1b and the flowchart of 
figure 5. 

eThe major variables used in the pro- 
gram are given in table 1. 

e The body of the SEARCH program 
(which corresponds to the pseudo- 
code algorithm) is contained in lines 
120 through 570; the subroutines used 
are listed in table 2. 


| eInstead of new nodes being sorted 


Variable 
Use 


into the OPEN list, they are added at 
the end of the list and given an order- 
ing value. Instead of expanding the 
top node on the list, the node with the 
lowest ordering value (in array O 
(N)) is expanded. This eliminates an 
unnecessary sort in the program. 
eThe program has eliminated the 
need for a CLOSED array by tagging 
nodes to be closed with an O-value of 
greater than 90,000. The number of 
nodes that has been closed is in C9. 
eThe SEARCH program assigns 
variable names to certain constants 
within the program so that the pro- 
gram can be altered to fit computers 


of different sizes by changing only a 
few statements, See variables L2, O8, 


and R9 in table 1, 

eThe complete representation of a 
node in this program includes 
variables O(N) and O$(N), where М 
is the number of the nodes. O(N) is 
the orderings value relative to the 


Array of successors generated by current board position Е$(1,Ј); sea АЗ. 
String of characters equivalent to board F$(I,J); вее subroutine at line 9050. 
Ordaring value of node N on OPEN list; node is considered to be on CLOSED 


list if O(N) » 90,000 


Body of node N on OPEN list; see text. 
Letters that, when arranged in reverse order, give the solution to the puzzle; 


see Al. 


Increments in x- and y-position to cause a unit move in direction N, 


М = 1,2,3,4, 


Representation of current node in expanded form; |, J vary from 1 to A9. 
Scratch pad board used to generate successors to board E$(I,J). 

Number of nonduplicate successors generated; see A ЫМ). 

Number of nodes that have been tagged as closed, see O(N). 

The characters of D$ represent the possible moves in the puzzle (down, left, 


up, right) and their orderings (eg: move 2 = MID&{D$,2) = 


"L" = left; move 


5, В, stands for “beginning” and applies only to the start node). 

Direction used to get to currant node from its predecessor. 

Indicates whether or not AS(MI) Is a goal node. 

Number af successors generated before check for duplicate nodes. 

(Index of Яга! character of game іп ОҢМ)) minus 1; used to index the 19 


characters of the beard. 


Number of characters in currant board; 


order-4 board. 


=9 for order-3 board, = 16 tor 


Index of O(N) giving smallest ordering value; node М1 will be expanded next. 
Maximum size of arrays OIN), OS(N). 

Number of digits in OS(N) pointer to [te predecessor; sat to 3, but, by expand- 
ing, can be used to process larger search. 

Number of nodes (both open and closed) on OS(N) list; next new node will be 


placed in OS(O9 + 1). 


Direction that backtracks trom current node to predecessor; see text. 
Number of steps to solution of puzzle; see В (М). Also, value returned by 


subroutine at 9900. 


Rank of problem; set to 3 for order-3 board, to 4 for огдвг-4 board. 


Current smallest ordering value of array O(N), 51 


= O(N1). 


Table 1: Major variables used in the BASIC program SEARCH (see listing 1). 
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Sratcom is a corporation spe- 
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without modification to run on 


make а mistake, they receive a to CR IEFonmas, Stateoim will soon 
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other nodes; ОФ(М) contains three 
things: the direction (U, D, R, or L) 
that transforms the predecessor of 
OS(N) to OS(N), an O8-digit pointer 
giving the node number of OS$(N)'s 
predecessor node, and a string of L2 
characters that describes the "board" 
of node N in compressed form. (See 
figure 6 for further details.) 

eFor any node not the start node, it is 
always possible to eliminate one of 
the legal "next moves." For example, 
if O(N1) generates O(N2) with a 
move of D (down), we can forget 
about generating the successor of 
O(N2) that uses the move U (up), 
because the result will be the same 
board as in node N1 (which has 
already been expanded). In the 
SEARCH program, this is done by 
matching the "direction" of the cur- 
rent node in D$ with its correspond- 


(ба) 


(6b) 
O(100-5 О (10) = "L 001 12345786" 
023) = 3 05(23) = “Ц 010 12345678." 


Figure 6: Representation of the 8-puzzle 
within the program SEARCH. A node is 
represented in the program as іше 
variables, One is O(N), the ordering value 
of node М in the tree, The other is OS(N), 
a string that has the following: 


ethe direction used to get from N's parent 
node to М 

ethe node-number of N's parent node 
(linking М back to the start node) 

ethe board position for node М, written 
by rows 


Figure 6a shows part of a hypothetical 
tree; figure 6b shows how nodes 10 and 23 
are represented within the program. 
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ing letter in I$ (I$ is a mnemonic for 
"inverse"); this second letter is then 
ignored in expanding the current 
node (see the subroutine of 9200). 
elt is possible for a series of moves to 
come back to a previously expanded 
node (this means that the state space 
for the 15-puzzle is a graph, not a 
tree). For this reason, the possible 
successors generated in lines 9240 
through 9310 (subroutine 9200) are 
checked for duplication (subroutine 
8900, used at line 9290). 

ә Each of the four possible moves in 
the 15-puzzle is associated with a 
number between one and four (1 
means the tile moves down, 2 in- 
dicates the tile moves to the left, 3 
means the tile moves up, 4 means the 
tile moves right). Variables that use 
this numbering are X(N), Y(N), 0$, 
and 1$, 


e Within the character representation 
board, the position with no tile is rep- 
resented by a period. 

e The SEARCH program was run on 
an Apple II with 48 K bytes of 
memory, and it should run without 
modification on the Commodore 
PET, the Radio Shack TRS-80 Model 
I Level II or Model III, or any other 
computer that uses Microsoft BASIC. 
The program is written so that all 
REM lines can be deleted without af- 
fecting the program's performance. 


Exhaustive Tree Searching 

The first method of systematically 
searching a tree can be described as 
follows: expand the start node, 
recording all the successor nodes 
(which are of depth one); if none of 
the nodes are goal nodes, expand all 
depth-one nodes, giving depth-two 


Index М1, value S1 such that 81 = O(N1) is smallest value in O(N). 


Generate up to three legal successors of board (which is derived 
fram node М1), eliminate nodes already expanded, build full node 


Convert N1 to a string; strip off the leading blank, fill with leading 


Extract compressed board from node, compare to goal node, 


Trace through pointers back to start node, collecting "direction 


Print (RS(R1), R$(R1 — 1), ..., А1) — solution to puzzie. 
Node O3(M1) to be added to list, list O(N) (and other variables 


Adjustment of values in O(N); computation o! ordering value Гог 
node M1, placed in R1, so that node М1 will be corractly inserted 


Entry 
Point Use 
B900 input: Board F$(!,J), array OS(N) 
Process: Determine if board F$(l,J) has already been expanded. 
Output: Q3$ = "DUPLICATED" or "NOT DUPLICATED." 
9000 | input Array O$(N), O9 
Process: Find smallest value in array. 
Output: 
9050 = Input: Board F$(1,J) 
Process: Compress to a row-major string of characters. 
Output: FS = String of L2 characters. 
8100 Input: String ES 
Process: Unpack string to board ES(I,J), FS(I,J), 
Output: Identical boards ES(I,J), F$(I,J). 
9200 Input: Board ES(I,J), node number М1, direction E9$, 
Process: 
(direction + pointer + board) for each successor. 
Output: Table of successors AS(N), А9, 
9400 Input: Numbar N1, desired length O8. 
Process: 
zeroes. 
Output: String Об that “looks like” М1. 
9500 initialization routine; Includes entry of puzzle to be solved. 
9600 = Input Node A$(M1), rank of problem R9. 
Process: 
Qutput: GS = “GOAL” or "NOT GOAL". 
9800 input: Goal node OS(N1). 
Process; 
letters“ in RS(N). 
Output: 
| 8800 Input 
depending on method). 
Process: 
into OPEN list with a correct ordering value. 
Output: 


This is ihe subroutine implementing a given search algorithm. 


Table 2: À description of the subroutines used in SEARCH. 
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our first name is Quality 


Our popular space game, 
Asteroids in Space, is now 
Meteoroids in Space, with 


hyperspace, autobrake, and 
autofire. This exciting arcade 
game can be played with or 
without game paddles. 
Diskette $19.95. 


This best-selling 170 page 
technical manual tells you 
everything you want to know 


Beginners and experts both 
enjoy this Othello* playing 
game that outplays Hayden's 
Reversal. Yet QS Reversi has 
features that Reversal doesn't 
have and costs less. Diskette 
$29.95, 


about Apple's Disk Operating 
System. Book $19.95. 


FASTGAMMON 

Known for outstanding graphics and speed of 
play, this popular program is the standard to 
which other computer backgammon games are 
compared. Cassette $19.95. Diskette $24.95. 


LINKER 


| | | Links and relocates assembled machine 
| T ii language programs. Works with any 


assembler, Diskette $49.95. 


CROSS-REF 


Prints out a cross-reference of the variables іп 
your Applesoft program. Options include 
changing the name of a variable. Cross-Ref 


resides passively in memory with your Applesoft 
program. Cassatte $22.95. Diskette $24.95. 


FRACAS 

A fantastic adventure game like no other. Up to 
eight players can journey in the land of Faroph 
at the same time, searching for hidden treasure 
and fending off monsters. Cassette $19.95. 
Diskette $24.95. 


BABBLE BENEATH APPLE MANOR 

This amazing and amusing program will The original dungeon game for the Apple 
entertain you by twisting your stories around in computer is still one of the best. Descend Into a 
а most delightful way. Babble also works with dangerous maze of underground corridors. See 
music and sound. It's a language ail its own! if you can find the Golden Apple. Cassette 
Cassette $19.95. Diskette $24.95. $14.95. Diskette $19.95. 


ASTROAPPLE 

Your computer becomes your astrologer, 
generating horoscopes and forecasts based on 
the computed positions of the heavenly bodies. 
Cassette $14.95. Diskette $19.95. 


BATTLESHIP COMMANDER 

A superb version of the traditional battleship 
strategy game. Cartoons and sound effects 
help make this game fun for everyone. Cassette 
$14.95. Diskette $19.95. 


"Othello is а trademark of Gabriel Industries. 


ASK FOR QUALITY SOFTWARE products at your favorite computer store. If necessary 

| you may order directly from us. MasterCard and Visa cardholders may place orders by 
calling us at (213) 344-6599. Or mail your check or bankcard number to the address 
above. California residents add 6% sales tax. Shipping Charges: Within North America 
orders must include $1.50 for shipping and handling. Outside North America the 
charge for airmail shipping and handling is $5.00. Pay in US. currency. 
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6660 Reseda Bivd., Suite 105,Reseda, CA 91335 
(213) 344-6599 
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nodes; repeat this process until a goal 
node is found or until no unexpanded 
successor nodes can be found. 

In terms of the overall algorithm 
for tree searching (see figure 5), we 
implement this breadth-first algo- 
rithm by putting the newly generated 
successors on the top of the OPEN 
list—or, equivalently, by giving these 
nodes an O(N) value equal to their 
depth. Figure 7a shows the order in 
which nodes are expanded in a 
breadth-first search; note that all the 
nodes of depth n are expanded before 
any node of depth (n + 1) is ex- 
panded. The subroutine to implement 
the breadth-first algorithm is given in 
listing 2a; its structured pseudocode 


(7a) 


(7b) 


(7c) 


equivalent is: 


9900 value of node returned, 
R1 — value of parent 
O(N1) + 1 


In a breadth-first search, making 
the “value” of any node equal to its 
depth will cause all nodes of level n to 
be expanded before ary node on level 
n + 1 (with "value" я + 1). In line 
9900, the value 90000 is subtracted 
because, by this time, the parent node 
О(М1) has been "marked" as being 
closed by adding 90000 to it, 

Ап alternate approach to tree 
searching is the depth-first algorithm. 
In this method, we repetitively ex- 


LEVEL 
OR DEPTH 


Figure 7: Order of expansion by three exhaustive-search algorithms. The numbers to 
the right of each node show the order in which the tree is expanded. Figure 7a, the 
breadth-first search, is examined laterally, one level at a time; figure 7b, the depth-first 
search, takes a "walk" around the edges of the tree (as shown by the colored arrows); 
figure 7c, the limited depth-first search, combines properties of both types of search. 
These searches can be tried by installing the routines in listings 2, 3, or 4 in the SEARCH 


program (listing 1). 
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рапа the successors of a given node 
(until no such node can be further ex- 
panded) before we start to expand the 
next node of the same depth; that is, 
we expand down the tree instead of 
across it, and аге, in essence, 
generating and expanding the ter- 
minal nodes from left to right. Figure 
7b shows the order in which tree 


nodes are expanded in a depth-first 


search; the subroutine to be inserted 
into SEARCH is given in listing 3. Its 
pseudocode equivalent is: 


9900 value of node returned 
КІ = value of parent 
O(N1) — 1 


In a pure depth-first search, the 
node just generated should be ex- 


Listing 2: Subroutine to implement a breadth-first search strategy. 


12 REM 
9890 REM 
9895 REM 
9900 Бі = (O(N1) + 1) = 90000 
9905 RETURN 


-------- LISTING 2 ------- 


-- BUBRTH TO COMPUTE H-HAáT34 BREADTH-FIRST SEARCH 
== RESULT RIisVALUE OF РАКЕМТ +3 


Listing 3: Subroutine to implement a pure depth-first search strategy. 


REM -———— LISTING — 
gH95 REM 
sy» Ri = 044!) - 99OO0) — 1 


9905 RETURN 


=— BUBRTN TO COMPUTE Н-НАТ; РИНЕ DEPTH-FIRST SEARCH 


Listing 4: Subroutine to implement a limited depth-first search strategy. 


"HEUS GEM  —————-—— LISI UNG $ -------- 
9990 REM 

7895 КЕМ == VALUE RETD=R1; 

99090 R3 = 3 

9905 Бі = ІПІМІ) - 99000) - 1 

9912 IF Rl = = R3 (HEN RI = 0 

9915 RETURN 
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Now breadboard 50% faster with the ЗМ 


panded before any other node 
already on the OPEN list from past 
expansions. А good solution is to let 
the "value" of the successor node be 
one less than that of the parent. Since 
the subroutine at 9900 chooses the 
node with the smallest O array value, 
this scheme forces the order of expan- 
sion just described. 

Putting the depth-first algorithm to 
work, we find that it seemingly 
generates nodes without end—but 
without making a practica] attempt at 
moving toward a goal node (except 
when one happens to be on the left- 
most side of the tree). The handicap 
of the depth-first algorithm is that it 
will search to the end of a given 
branch before returning to shallower 
levels. Because most trees extend to a 
large, if not an unbounded, depth 
(whereas a goal node usually exists at 
a shallower level), the depth-first 
search is usually inferior to the 
breadth-first search: the former 
sweeps up and down the entire length 
of the tree from left to right, whereas 
the latter scans uniformly across each 
level of the tree from top to bottom, 


Whiz Kit. It puts high-quality Scotchflex Brand 
plugstrips, sockets and tools right at your finger- 
tips. So you can assemble a 20 I/C panel in less 
than half the time needed for hand-wrapping. 
There's no stripping. No soldering. No crimping. 
The kit's proven U-contact components 
let you use the same insulation-displacement 
dim БЕН 1 technique for breadboarding that's used in pro- 
ЫЫ! " duction. Each contact's tin plated, so you 


| save on cost. ' 
Bussing is fast—just one step. Wire 
inserted into the U-contact gives you | 
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usually first encountering a goal node 
at a shallow level. 

The limited depth-first algorithm 
(see Figure 7c and listing 4) can be ex- 
plained as follows. Choose an ar- 
bitrary depth, п; do a depth-first 
search, rejecting (for the moment) all 
nodes of depth п or greater. If this 
does not turn up a goal node, do a 
depth-first search of the previously 
rejected nodes, rejecting all nodes of 
depth 27 or greater. Repeat this pro- 
cess until a goal node is found or the 
tree is exhausted. This is summarized 
in the pseudocode: 


9900 R3 = depth of each "layer" of 
search 

value of node returned, 

R1 — value of parent 
O(N1)—1 

if “value” to be returned is 
equal in magnitude to R3 reset 
value to be returned — 0 endif 


9905 


The "value" returned will be zero or 
negative. This search limits itself to 
depth R3 at a time by setting a node 
on the edge of the current level to the 
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highest possible value, zero, so that it 
will be expanded only after the cur- 
rent layer has been expanded to the 
edge. The value R3 could be placed 
within the initialization subroutine of 
9500. 

The limited depth-first search 
lessens the disadvantages of the pure 
depth-first search by providing for an 
eventual exhaustive search of the 
lower level of the tree. But it is also a 
compromise: if a goal node is located 
deep and on the left-hand side of a 
tree, this node will be more quickly 
found by the pure depth-first search 
than by the limited depth-first search. 
(In general, the effectiveness of both 
depth-first searches is extremely 
dependent on the left-right position of 
a goal node within the tree.) 


Notes on Experimentation 

We now have the tools with which 
to examine the exhaustive search 
algorithms. The BASIC program 
SEARCH (when fitted with the ap- 
propriate subroutine at 9900) will ask 
for the beginning puzzle (given row 
by row, with A through E repre- 


ШІП 


senting 10 through 15 in the order-4 
version only, and a period repre- 
senting the space in the puzzle), list 
nodes as they are expanded and 
generated, and print out the solved 
puzzle. If you want to avoid typing in 
a puzzle every time you run the pro- 
gram, add the following lines: 


9521 02$ = “<puzzle to be 
entered » " 
9523 GOTO 9550 


My observations and experiments 
are based on the sample 8-puzzles 
given in figure 8; a given puzzle will 
be referred to by its row and column 
number in this figure. Note that the 
row number is the number of moves 
in the solution of the puzzle and that 
a given puzzle is a subproblem of 
every puzzle below it and in the same 
column. 

Table 3 gives data on selected 
puzzles using the breadth- and limited 
depth-first algorithms. Remember 
that closed nodes are those that have 
been expanded for successors and 
open nodes are those that have been 

Text continued on page 98 


Circle 205 on Inquiry card. 


SAVE $$$ SAVE 555 | 
TRS-80. in 
MICROCOMPUTERS Puzzle Solution #Ореп #Closed Total 
(1,1) i 3 1 4 
= (1,2) y 3 1 4 
| ЕН. (2,1) UL 7 4 11 
Н {шм (2.2) LU 6 3 9 
=i (2,3) LL 4 3 7 
T. (3,1) LUL 9 8 «i 
- (3,2) ULU 7 6 13 
(3,3) ULL 10 9 19 
(4,1) DLUL 12 11 23 
(4,2) LULU 10 9 19 
(4,3) RULL 16 21 37 
TRS-80 Model Il, 64K System 
ONLY $3325." (3b) 
Puzzle Solution #Open itClosed Total 
(1,1 L 3 1 4 
| (1.2 U 3 1 4 
Р (2.1) UL 11 12 23 
= (2,2) LU 8 7 15 
= (2,3) LL 10 8 19 
- (3,1) ал 11 13 24 
(3,2) ULU 9 Т 16 
(3,3) ULL 12 17 29 
(4,1) DLUL 9 8 17 
у " А (4,2) LULU 7 6 13 
TAS-80 Model IIl, 32K - 2 Drives ME а ер 4 £ Ma 
ONLY $2095.” 
(3c) 
Сеш Discounts On АП Other TRS-80 Model Puzzle Solution Depth (п) #Ореп #Closed Total 
Н and Ш Add Ons. Coter Computers. 
Printers, Pocket Computers, And All Other (2.2) LU 2 Е 3 9 
Fine Radio Shack. " Merchandise | 
3 6 5 11 
4 8 7 15 
АП Computers Are Brand New, In Factory ы ч Р" - 
Sealed Cartuns. Апу Curry A 3 Month Radio 3 
Shack " Wuranti. F-8 Farm Provided. (2.3) = : М 5 n 
4 10 9 19 
5 12 1? 29 


Мом Ме іп Stork Just Call Collect 
512-689-5536. Muster Elecironics. ine., 154 
№. Sth. Raynwodville. Ts. 78880 
Remember Мо Tax On Out-Of-State 
Shipments. 


Table 3: Experiments with SEARCH. In the breadth-first search (За), "V Open" 
refers to the number of nades created but not yet expanded. % Closed" is the number 


of nodes that have already been expanded. Since the breadth-first algorithm searches 
uniformly down the tree from the start node, it is the most reliable of the exhaustive 


MASTER search methods. 
ELECTRONICS | The limited depth-first search (3b), with depth n=4, shows that for all puzzles on 
INCORPORATED | level four, the number of nodes that this algorithm generates is the same or less than 
the breudth-first search. By varying the cutoff depth, n, this algorithm does а depth- 
ъала first search in "layers" (see 3c), each layer being n nodes deep. As n becomes greater 
f тәне! charge ! than the number of moves in the solution (in this case, two), the algorithm more 


clasely resembles a pure depth-first search in its inefficiency. 


Authorized TRS-80 Dealer, 
Store Ж F-723 
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COMPATIBILITY TO SPAKE | © qateto-Sci’s А40/А70 subsystem: | | 


If you own an Apple II* or plan 

| to buy one, consider this: Micro-Sci has achieved this. — ome the diskette level com- 7) 
The Disk II* subsystem made extra storage while máintafring . е г аныш апа interchangeability of, J 
for your Apple II provides only 35 compatibility with your existing 222. the’ A40 with the арене: storage і 
tracks of storage. But Місго-5сі Apple formated diskettes, - EE арам of the A70, 
subsystems made for your Apple II Our subsystems opetate. with. 2 7* Dual А705 provide over half- | 
provide up to 70 tracks, without DOS 3.2 and 3.3. Pascal, and the - 8 megabyte ofstorage,at5'4" ^, | 
reduced versatility or compatibility. 280 SoftCard. | ‘floppy prices! .. % 
-No matter which Micro-Sci * 


VERSATILITY PLUS. 


MORE CAPACITY subsystem you choose, you'll have 


FOR LESS MONEY 


Our A40 system features 40 


tracks, whereas our А70 provides 


You can even mix Apple Disk s, 
A40's and A70's on the same com- . 
puter. Місго-5сі 5 controller sup- .. 


more capacity, compatibility and : 
versatility for your computer— and 
more money in your pocket. 


70 tracks and exactly twice the ports one or two A40's, one or two ^ № 

byte capacity of Disk II. Һ705 or one of each. | ит тк ET і 

With either Micro-Sci ѕүѕіет,үои Single or dual A40 drive sub- t Micro-Sct Deal Y E 
pay a lot less per byte. And with systems give you more capacity neon cd ү: , 
the A40, you could even end up (20,000 to 40,000 bytes) than I. LE ree of Kl Compe 41 
*"SoltCand |н а registered trademark of Micro- —À 


paying considerably less per drive. Disk II drives, for less money. 


MICRO-SCI 
17742 Irvine Boulevard, Suite 205, Tustin, Californía 92680 / Phone: 714/731-9461 / Telex: 910-346-6739 


MICRO-SCI I$ A DIVISION OF STANDUN CONTROLS. INC 


Text continued from page 95: 

generated but not yet closed (expand- 
ed); thus, the total number of nodes 
generated by an algorithm is the sum 
of its open and closed nodes. 

Also remember that the SEARCH 
program generates successors by 
expanding in the following order: 
down, left, up, right. Although this is 
less important for more advanced 
searches, it is extremely important 


1 

Goal Node ; 
Row Number 

(1) One move away 1 

7 

(2) Two moves away 1 

7 

(3) Three moves away 1 

7 

(4) Four moves away ; 


Oo qn no 


gn n 


ло ho BIS а: m 


when analyzing exhaustive searches. 


Observations and Questions 
Please consider the following ques- 

tions before you read the answers on 

page 102. On the breadth-first search: 


eNote that the number of nodes ex- 
panded to get a solution varies with 
the directions used in the solutions; 


3 

6 

3 12 З 

6 45. 

8 786 

3 тей 123 
6 4.5 486 
8 7 86 . T 8 
3 1. 3 12 3 
6 425 . "59 
8 786 4 78 
3 13 123 
6 4265 5 6 
8 7 86 478 


Figure 8: А table of 8-puzzles used in the text. Ignoring the row with the goal node, 
each puzzle is referred to by its row and column numbers (eg: the rightmost puzzle in 
the row labeled "two moves ашау” is puzzle (2, 3). Notice how puzzles in the same col- 
umn are related to each other: each puzzle is a subproblem of the puzzle that appears 


directly below it. 


NODEA 123 
45.0 


а 
t5 £5 һу 
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© 


а ізһҙ 
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Figure 9: Solution of puzzle (3, 1) by the breadth-first algorithm. The tree is a partial 
tree carried out only far enough to reach the goal node (shown in the bottom row). The 
circled numbers in black indicate the order in which nodes are expanded to solve the 
puzzle. The node labeled B is the start node of puzzle (2, 1), a subproblem of puzzle (3, 
1); circled numbers in color indicate the order in which nodes are expanded to solve 


puzzle (2, 1). 
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"downs" and “lefts” tend to make the 
solution shorter, while "ups" and 
"rights" make it longer. Compare the 
puzzle (2,3) with the puzzle at (2,1), 
and puzzle (4,2) with (4,3). 
e(Question 1) How is this tendency 
reflected in the number of nodes on 
the closed list? (Consult the text box, 
" Answers," on page 102.) 

e (Question 2) Then why does puzzle 
(3,2), with solution LUL, generate 
more nodes than puzzle (3,1), which 
has solution ULU? Aren't L moves ex- 
panded before U moves? 

eNotice that both puzzles (1,1) and 
(1,2) have the same number of open 
and closed nodes, even though the 
solution, L, in (1,1) precedes the solu- 
tion, U, in (1,2). This is because the 
SEARCH program generates ail the 
valid successors of the node being ex- 
panded before evaluating them for 
goal status. 

e (Question 3) І noticed a curious fact 
while examining the solution of two 
puzzles, one of which is a subproblem 
for the other: the subproblem 
generates a node that the larger prob- 
lem does not. Run puzzles (2,1) and 
(3,1) using the breadth-first sub- 
routine and list the nodes generated. 
Where is the node in question? Why 
is it generated in (2,1) and not in 
(3,1)1 


On the depth-first search: 


e You will probably find that you run 
out of memory (or patience) before 
you get a solution from the depth- 
first algorithm. This is because the 
algorithm first dives to the bottom of 
the tree, and that bottom is deep, 
even for a puzzle as small as the 
order-3 8-puzzle. Try experimenting 
with the depth-first algorithm, using 
the SEARCH program set to handle 
the order-2 puzzle. 


On the limited depth-first search: 


e Table ЗЬ shows the results from the 
solution of the same puzzles, (2,2) 
and (2,3), using different cutoff 
depths (variable D3 in line 9900). 
Since both puzzles are solved in two 
moves, the cutoff depth simply deter- 
mines how far down the search will 
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SuperSoft's 
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Programming Languages Disk/Manual Only priscis sl 
"С" $200/20 М ] 
FORTH 320025 қ 1 
FORTRAN IV 250/25 |} 1 
RATFOR $100/NA ү ТЕВМ ң 
BASIC $200/25 1 | 
‘TINY’ PASCAL $ 85/10 1 A Complete Networking/Intercommunications Package р 
System Maintenance M TERM allows the CP/M user to communicate with р 
Diagnostics Н 5100/15 Ч other CP/M based systems or with remote timesharing | 
Diagnostics | $ 75/15 һ computers. TERM supports file transfers between both if 
DISK DOCTOR $100/15 " timesharing systems and between CP/M systems. d 
ORIS ti "T $ 60/NA H TERM equals or exceeds comparable programs in if 
Utility Pack #2 $ 60/NA y power and flexibility, but costs less, delivers more and if 
1 source code is provided on discette! f 
! 
жы Processing $ 85/15 1 With TERM you can send and receive ASCII, HEX if 
Super-M-List $ 75/10 " and COM files. You also have а conversational mode, 4 
Я anda timesharing terminal emulator. Below is a partial K 
Soltware Security H list of features: р 
Encode/Decode I! $100/20 А 
Encode/Decode | $ 50/20 p е Engage/disengage printer > terminal emulator 4 
Intercommunications |, aerea in e РОР | 
| e conversational mode Vs 
TERM $150/15 | send files * receive files (4 
TERM II $200/15 ІЗ i 
т i 6 35/NA 1 requires e nii a а minimal knowledge of assembly language 
a ЕЗ уу: к TERM 18 supplied with source and user manual: $150.00 A 
geon Master $ 35/NA MP veio Baum ы 
(For use with Nemesis) b ыш if 
Miscellaneous [$ А 
28000 Cross-Assembler $500/25 } | A 
"C" Cross-Compiler $500/25 жу $9 $1 9*4 O TERM — JE T Y Y Y 5 
(28000 Target) 


Many programs include SuperSoft's online "HELP" system! 


For complete information on these and all other 


SUPERDISKS FOR ALE! x SuperSoft products, please wrlte for our free catalogue. 


SuperSoft Has Great Prices on Blank Discettes All software can be supplied on the following media: 
SuperSoft sought out and found а discette that УРМ formats . . . 8 sft sectored, 5” Northstar, 

met our high standards Іп the software distribution 5" Micropolis Mod II, Vector MZ, Superbrain DD/QD, 

business we needed a discette that was reliable. Apple 11+ 

sturdy. durable, and inexpensive. We wanted no dala 

errors on any discette that we shipped. 

e Guaranteed 

e Data density in excess of 3200 b.p.i. 

* Approved by Shugart, Persci, бите, Remex, others 

e Oparating temperature: 50-120 degrees Fahrenheit 


| АП Orders and General Information: 
VISA | SUPERSOFT ASSOCIATES 
E P.O. BOX 1628 

CHAMPAIGN, IL 61820 
| b| (217) 359.2112 

Technical Hot Line: (217) 359-2691 
{answered only when technician is available) 


Discette type | price per box 


Single Sided Single Density: 
Soft sectored ІВМ compatible 8" $30 00 


10 hard sectors 5%" 53000 
16 hard sectors 5%“ $30.00 


“CPIM REGISTERED TRADEMARK DIGITAL 
RESEARCH 


SSS FORTRAN is the copyright of 
Small Systems Services, Urbana, I!linols 
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Single Sided Double Density: 
Soft sectored ІВМ compatible 8“ $35 ОО 


10 hard sector 5X" $35 00 
16 hard sector 5”: $35 00 


24 hour express service available! 
* Add $15.00 for Oouble Sided Discettes 
Illinois residents add 5% 
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иво saon a mon 10 и ки мүшеле BI First in Software Technology 


LA шш шш иш Lg = = c- мә 9 = - == - шә шы 2 ша ж -— -— св: c —-  —! cs c шы = E ш om ШЕ ou "ЕЕ Г" в 


. —M— ШЕН нш: ы мен (Жена жн. Әмет 
ай = ЕЕ тине a Е = 


К 


Итил кырты? 06 change йды! тозса 


Starwriter 


PRINTERS, 
MONITORS, 
DISKS 


Daisy Wheel Printer by C. Itoh ..... — 

Paper Tiger Ф406 ..................-..........-” 
Paper Tiger 400 ..........,».-..»......-....--- 
Paper Tiger 560G . 
Qume (shipped FREIGHT SERLO 
Silentype w/interface ... үүө 

Amdek Color Monitor ....... ж. 

Amdek Green Screen. - ‘ моа 
Amdek/Leedex B/W 12" Monitor . ————— 
NEC 12" Green Screen . 

Sanyo 9" B/W Monitor. ,............ 

Sanyo 12" B/W Monitor ..........., 

Sanyo Green Screen ............................ 
Dysan (Ев [pkg. 10) .,..................-...... 
Memorex Disks (pkg. 10) ........................ 
Opus Disks (pkg. 10) ————MÓ ы 
Verbatim "Gold" (pkg. 10) ....................... 
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МАКЕЗ 
ІТ, WE 
SELL IT 


Atari 400 8K Computer . 


Atari 410 Program Recorder .. 
Atari 810 Disk Drive ... 


Atari 825 Printer......... 


32K RAM by Microtek ............ 


Бе ана канын қо. ИВ 
Atari 800 16K Computer —— 
—M —————— ӨЙ 
Atari 820 Ргіпівт......................... 


KR nna n NO 


144...... 429 


бла хына» "ТЕ? 
Atari 850 Ііпіегізсе...,................... 
16K RAM by Microtek .................. 
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Atari Joysticks 


ты Жы 
Computer Chess ...... 

Invitation to Programming ... 

Music Composer ........... 

Star Raiders ......... 

Super Breakout . 
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Atari Paddles оао оао» ночная 


финан 


3-D Tic-Tac-Toe 7» * ROG ON 9 & € 9 9 k& 9 ^ H9 o € o bà 8 HES е я «ев 


Video Еасе!................. 2 
Visicala ........ ass. 


е Full 96-character 
ASCII with descenders 


pin feed 


e Interfaces — 


Standard — Centronics-style 8-bit 


Parallel 


ТО ORDER Phone orders invitad using Vise, Mastercard or bank 
wire iransters Visa and MC service charge of 2% Mail ordera 
may send charge card number (include expiration date), cashiers 
check, money order, or personal check (allow 10 business da 

for personal or company checks to clear) Please add 3% (55 

minimum) for UPS shipping. handling. and irsurance. APO and 
FPO include 5% ($7.00 minimum) for postage. Саш. residents 
add 6% sales tax Please include phone number on ЕН orders 


Hike feet a hare 


Optional — 15232, ІЕЕЕ488 
Buffer Size — one line 


FOREIGN ORDERS include 1% handling — shipped air FREIGHT 
COLLECT only Credit cards not accepted on foreign orders 
АН equipment is in factory cartons with manufacturer warranty 
Opened products nol returnable Restocking lee for returned 
merchandise Equipment subject to price з= and ауай- 
келу Retail prices differ from mail order prices WE SHIP THE 
SAME DAY ОН MOST ORDERS! 


VISA" 


(714) 579-0330 * MAIL TO: 1251 BROADWAY, EL CAJON, CA. 92021 


AUTHORIZED 
APPLE 


SALES & 
SERVICE 


DISK with CONTROLLER 
NEW 00$ 3.3 $529 


without . . . $445 
Nearly Everything 


AMT Lan un 


WE WILL 
MEET OR BEAT 


ANY ADVERTISED PRICES 
ON MOST ITEMS IF MERCHANDISE 


IN STOCK 


APPLE SOFTWARE 


ABM by Muse ........... ——— 1В 
Adventure by Mircrosoft........ ала» NE 
Alien Rain by Broderbund .......... 19 
ДЕ ТИЕК predia nasum .... 149 
Apple РИОС.,......»......-»........ 129 
Аре dl ,..--...---“->-.----- . 25 
Appleplot by Apple .,............ ,. 69 
Applepost Mailing List System...... 44 


Applewriter Word Processor ........ 65 
Asteroid Field by Cavalier ....,,.... 19 


CCA Dala Mgmt ...,..... Dic рн 84 
Data Factory by Microlab .......... 129 
Desktop Plan |!................ к... 189 
DB Master И by Зюпемаге.....,... 199 
DOS Tool Kil.......... — (ӨБ 
DOS 3.3 Upgrade .................. 49 
Dow Jones Portfolio Evaluator...... 45 
Fortran by Арріе............... TT 150 
Hi-Res Football ........... — а „ эзи. ИЙ 
РЕВЕ У. . ems- anap аана sae. А 
integer Basic Cassette Demos ,..... 29 
СЕТИО. е а НКЕ сы» 25 
PASCAL Language System......... 459 
Peachtree Bus. Ркав........... .. CALL 
Personal Filing System ............. B4 
Phantoms ҒИ.............». X 


AUTHORIZED 
APPLE 


SALES & 
SERVICE 


Padi 1:9 2. es —B ice М9 
анын; eee 25 
Raster Blaster ..................... 24 
Robot War by Muse...... — 13» 
TD м... remanet o once 21 
Sargon (1 Chess Game ......... -— ЖО 


Snoggle/Puckman by Broderbund .. 24 
Space Game Album by Budgeco ... 39 


расе HOGS ................ TS ШӘ 
Space Invaders/Cosmos Mission.... 24 
Space Raiders by USA ............. 25 
Star Cruiser ................... 4... 24 


Sub-Logic FS-1 Flight Simulator.... 34 
Super Single Disk Copy Routine.... 35 


Super Stellar Trek ..... —— —— 33 
Supertext Il by Muse........ и 129 
Ultima...... PULS — Ғе <. - 
а n pA алал ТВО 
2 ЖТП” МОО. 
Visitrend/Visiplot ,,...... — 219 


Wizard and the Princess............ 32 
Zork * *ow 9 3 o9 V3 Y ow Ro аф ++ 34 


LARGE SELECTION ОҒ 
SOFTWARE IN STOCK — 
CALL FOR FREE BROCHURE — 


CALL 1-800-854-2833 
PHONE ORDERS 
MON. - SAT. 8 to 6 P.S.T. 
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16K Computer 


APPLE И 48K 
$1095 


APPLE COMPUTER 
INTERFACE CARDS 


Applesoft Il Firmware Card ,...... ‚. 149 
CCS Asynchronous 7710A ........ 129 
CCS Parallel Print Cd. 7720А.,..,... 155 
Centronics Interface Cd. ........... 179 
Comm. Са. & DB25 Cable.......... 179 
CPS Multifunction by Mtn. Comp. ,. 199 
Expansion Chassis by Mtn. Comp. .. 555 
HiSpeed Serial Int. Са.............. 155 
Integer Basic Firmware Cd....,..... 149 
ЕОМРІШЕ .....;......„4%-,.+-4 MORE 
SSm AIO Serial/Parallel 1/O 

Assembled & Tested ............. 149 


ACCESSORIES 
A/D D/A Board by Mtn. Comp...... 319 
Andromeda 16K Ramcard ...... “м Т 
Appie Game Paddles,..... Аир» а 25 
Arith. Processor 7811 АогВ....... 339 
СОРУВОМ by М. Сотр.......... 51 
Dan Paymar L.C. Kit 1 ог2......... 55 
Extender Board ......... — ТЕН 
GPIB IEEE 488 Card ............... 259 
Graphics Input Tablet........... ves 639 
Hayes Місготобет.,.............. 299 
Introl Х-10 Remote Control Sys..... 239 
Joystick for the Apple,......... vere 47 
Keyboard Filter ROM chip....... ,.. 49 
Lazer Lower Case Plus*.......... , 49 
М & R Sup-R-Term BO-col-bd....... 319 
Music System by Min Comp ....... 479 
Programmable Timer CCS 7440A ... 159 
Prototyping Hobby Card ......... .. 22 
ROMWRITER by Mtn. Comp .,..... 149 
SuperTalker Speech Synthesizer... . 239 
Тлһиһдйетейсей..-.......--.-...-“... 129 
Versa-Writer Digitizer Drawing Sys . 239 
Videx Keyboard Enhancer .......... 115 
Videx Videoterm 80-col-cd ......... 319 
2-80 SOFTCARD by Microsoft. .... 295 
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Circle 136 on inquiry card. 


CHOOSE... 


Choose an Apple Desk 


А compact bi-level desk ideal for an Apple 
computer system, This 42" x 3174" desk comes 
with a shelf to hold two Apple disk drives Tha 
top shelf far your TV ағ monitor and manuals 
can also have an aptional paper slot to accom- 
odate 3 printer. 


Choose a Micro Desk 


Get your micro computer off the dask top and 
into the micro shelf under our Designer Series 
desks. Suitable for the North Star, Dynabyte, 
Vector Graphics, and Altos computers. The 
desks come in a variety of sizes and colors. 


Choose a Mini Rack 


Mini racks and mini micro racks have standard 
venting, cable cut outs and adjustable RETMA 
rails. Choose a stand alone bay or a 48", 60", 
or 72" desk model in a variety of colors and 
wood tones. А custom rack is available for the 
Cromemco. 


Choose a Printer Stand 


-— 


The Universal printer stand fits tha: 


Cantronics 700's Diablo 1600's & 2300's 
Dec LA 34 T.I. 810 & 820 

NEC Spinwriter Okidata Slimline 

і ваг Siegler 3004 Anadex 9500's 


Delivery in days on over 200 styles and colors 
іп stock, Dealer inquiries invited. 


——— 
ELECTRONIC SYSTEMS 


FURNITURE 
COMPANS 


17129 S. Kingsview Avenue 
Carson, California 90746 
Telephone: (213)538-9601 
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Text continued from page 98; 


go before returning to shallower 
depths. 

eThe definition of a limited depth- 
first search of level п is that it expands 
n — 1 levels at a time, generating the 
current level n nodes but not im- 
mediately expanding them. There- 
fore, such a search is most efficient 
when the level of the search is equal 
to the number of moves in the solu- 
tion: the search drops down the left- 
most side of the tree, stops at level n, 


Answers 


1. If a given step of a solution is one 
of the last to be expanded (say, up or 
right), then the breadth-first search 
will first expand in other, попртойис- 
tive ways (remember the order: down, 
left, up, right). It is the expansion of 
these nodes that increases the number 
of nodes оп the closed list. 

2. Yes, L moves are expanded be- 
fore Ц maves, but an analysis of the 
situation shows that the order in which 
nodes are expanded (down, left, up, 
right) is only one of several factors 
influencing the number of nodes ex- 
panded by a breadth-first search, Refer 
to figures 9 and 10, If you count the 
number of terminal nodes (which are 
open— yet to be expanded) and nonter- 
minal nodes (representing closed, or 
already expanded nodes), you will find 
that the numbers agree with those 
listed in table 2a. (Remember to count 
the start node as being closed; also, for 
the moment, ignore node C in figure 
9.) 

The two trees are identical in 
number and distribution of nodes 
through rank two (ie: in nodes 1 
through 9). The overwhelming reason 
that puzzle (3,1) expands more nodes 
than puzzle (3,2) is that the former has 
ta expand more level-two nodes to get 
to the goal node. Why is this? Because, 
from node 3 біп both trees), the path 
leading to the goal node in puzzle 
(3,2) —the L branch in figure 10—15 ex- 
panded before the corresponding 
path—the U branch in figure 9—is ex- 
panded. Here the single L in the solu- 
tion of puzzle (3,2) is more important 
than the two Ls in the solution of (3,1) 
because it prevents the expansion of 
several "fertile" nodes (nodes six and 
seven in figure 9) on the next-to-last 
level. 


and scans across the n-level subtree 
from left to right. 

el made an unexpected discovery: 
the limited depth-first search is 
guaranteed to expand less than or the 
same number of nodes as the breadth- 
first search when the depth of the 
search (n) is equal to the number of 
steps (s) in the solution. An intuitive 
proof of this can be seen from the 
example of figure 11. Also, it can be 
inferred that the two searches are 


We should not, however, be 
tempted to generalize, The factors in- 
fluencing the number of nodes 
generated are so interdependent that it 
is impossibla to evaluate their relative 
strengths outside the context of a 
specified example. 

3. Refer to figure 9. The entire tree 
(minus node C, in color) is the solution 
tree for puzzle (3,1). The nodes in the 
colored box (including node C) are the 
solution tree for puzzle (2,1). 

Now the reason for the fact that 
node C is generated only by (2,1) 
becomes clear. When node B is a start 
node, all four directions generate valid 
successors, but when node B is 
generated by starting node À in puzzle 
(3,1), the SEARCH program rightly 
denies node C successor status because 
the direction of the move from Вю C 
undoes the move directly before it, А 
to B. Here again, the interaction of 
forces in the algorithm create unex- 
pected but correct results. 

4. The two important factors in this 
situation are the depth and the "left- 
ness of the goal node, Because the 
limited depth-first algorithm scans 
from left to right, the "leftness" of the 
goal node is the more important factor: 
а node midway in the tree bu! closer to 
the left edge of the tree than another 
node (which is further down), will be 
expanded first. This is also true for a 
pure depth-first search. 

5. A limited depth-first search of 
order one is equivalent to а breadth- 
first search; that is, because n = 1, the 
algorithm does an exhaustive search of 
the tree one level at a time. Numbering 
the nodes of a tree according to the 
limited depth-first algorithm will 
demonstrate the equivalence of the 
tuo forms. 


THE B810 RAM 


engineered for excellence 


FEATURES 
* Byte or Word width operation 
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• 150 ns Access, 270 ns Cycle 
(B Version) 


* 200 ns Access, 335 ns Cycle 
(А Version) 


» Full DMA capability with 
transparent refresh 


* Precise memory timing module 
* Low Power 
* Meets IEEE 696 specifications 


* Four-layer board 


- р 


Тһе B810 RAM represents опе of the best solutions for 
applications requiring compact design and speed for re- 
markably low cost. Suitable for a wide range of commer- 
cial applications, the B810 RAM is form, fit and function- 
ally compatible with the proposed IEEE 696 (S-100) bus 
standard. It automatically provides byte or word width 
access using the sXTRQ* signal. It features the AMD 2964 
Dynamic Memory Controller and a new memory timing 
module designed for the B810 by Engineered Compo- 
nents Corp. for precise timing. Its four layer board with 
full ground and power planes provides noiseless opera- 
tion. As an integral part of the AB Digital B800-series, the 
B810 RAM provides full DMA capability. Designed to be 
as universal as possible, the B810A RAM will work with 
most 5-100 cards using а 280 ог 78000, and the B810B 
(with optional byte parity), works with Alpha Micro, 
Cromemco, Northstar, and all 5100 CPU cards. 


Available through California Digital (toll-free orders 
only 800-421-5041 ) and other fine distributors, or direct. 
Specification sheets on request. Manuals may be pur- 
chased separately for $25.00 refundable on order. 
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COMING NEXT MONTH: THE B880 80ns 64K/32K STATIC 
RAM 


The B800 serles of 8-bit cards provides the OEM with a com- 
plete line of 6 MHz computer cards. All peripheral controllers 
are intelligent. This series includes the B800 CPU; the B820 SCC 
Serial Communications Controller; the В830 HDC Hard Disk 
Controller; the B840 FDC Floppy Disk Controller, and others 
which will be announced. 


The B8000 series provides a complete line of !6-bit 4 and Б 
MHz cards in three formats: double-height S100, MulliBus and 
the new Zilog ZBI bus. As with the В800 series, all peripheral 
controllers are intelligent with their own processors and mem- 
ory. The 88000 series includes the B8000 CPU (Z8001 -раѕеа); 
the | Megabyte B8100 RAM with optional EDC; the B8200 SCC 
Serial Communications Controller; the B8300 HDC Hard Disk 
Controller; the B8400 WDC Winchester Disk Subsystem; and 
athers to be announced. 


AB Digital Design Labs products are designed to provide tech- 
nological leadership and industrial-grade quality with unex- 
celled performance. Before you buy any computer produci, we 
invite you to examine our spec sheels and manuals. We think 
the choice will be clear. 
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New ‘JAWS-IE 
The Ultrabyte Memory Board 

Due to the tremendous success of our JAWS I, we 

were able to make a special purchase of first- T 

componenls al below-cost prices for JAWS-I 

we are sharing our cost saving with you. Bul don't be 

surprised if the next time vou see this ad the prices 

have gone up substantially. Better yet, order naw, 

and get the best memory on the market at the best 

price on the market. 


ONE CHIP DOES IT ALL 

aws-IB is the Rolls-Royce of all the 5100 dynamic 
rds. [ts heart is Intel's single chip БАК dynamic 

RAM controller. Eliminates high-current logic parts 

.. delay lines... massive heat sinks. , . unreliable 

trick circuils. [AWS-1B solves all (hese prablems, 


LOOK WHAT dot y OFFERS YOU 


Hidden refresh ... fast performance . , . low power 
consumption . ‚ latched data ошіршіз ... 200 NS 
4116 RAM's ... . on-board crystal ... RAM Jumper 


selectable on ВК boundaries . . fully socketed ... 
solder mask on both sides of board, . . phantom line 

. designed for 8080, 8085, and 280 bus signale . . 
works in Explorer, Sol, Horizon, as well as all other 
well-designed 5100 computers. 


Ш-ПАҮ MÜNEY-BACK TRIAL: Try в fully wired 
&nd lestel beard for 10 — num either beep 
DE Ш far &iL, nr simply return it in enrking 


в Continental USA. Credit Card Buyers Outside Conmeclicul: 
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approximately equivalent in effi- 
ciency when л is only slightly larger 
than s. 


search of level n on a puzzle with a 
solution of n moves, what are the two 


most important characteristics (in 
terms of the location of the goal node) 
that influence the solution time of the 
puzzle? Which is more important? 

e With limited depth-first searches of 
depth greater than the number of 


& (Question 4) Іп a limited depth-first 


Figure 10: Solution to the puzzle (3, 2) by the breadth-first algorithm. The circled 
numbers to the right of each node indicate the order in which they are expanded. Nodes 
8 through 13 (six nodes) are “open” (ie: they have not yet been expanded), whereas 
nodes 1 through 7 are "closed." 


(11а) 


DEPTH 
s BREADTH -FIRST 


sLIMITED DEPTH-FIRST 


Figure 11: А comparison of search efficiency. The limited depth-first search always 
produces the same or fewer nodes than the breadth-first search, when the depth of the 
search is equal to the depth of the goal node. An example of the efficiency of the limited 
depth-first search is shown in figure 11a, where the breadth-first search (indicated in 
color) has produced more nodes. In figure 11b, the two types of searches produce an 
equal number of nodes, using the same partial tree but a different goal node. The 
breadth-first search must always expand the entire tree to depth n—1, whereas the 
limited version may not, depending on the location of the goal node. 
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Take Your Cue From Vista... 


When it comes to Apples, take your cue Apple Il computer. It also interfaces to all 
from Vista's ABOO Eight-Inch Floppy Disk Shugart/ANSI Standard Eight-Inch Floppy Disk 
Controller. The ABOO offers a cost-efficient Drives. The ABOO provides complete IBM for- 
approach to software compatible disk It's |. mat compatibility in both single and double- 
memory expansion for your Apple II? computer. | Ж а density modes. 


The ABOO Controller enables Apple ІІ users to | | 
access up to five megabytes of online storage $ P THE HOT SHOT AT A COOL PRICE. 
through conventional disk operating (DOS) | ure The A8OO is reasonably priced at $595. A 


commands. | price you can't beat when you compare its 
The Control and DMA Logic provides high speed Shot ө quality and performance. 
(1 microsecond per byte) transfer of data from CALL YOUR SHOTS. 


the disk drive directly to the Apple Il memory 
without processor intervention. Plus, the Phase- 
Locked Loop Data Separator provides the 
ultimate in data reliability. 


Vista offers you a complete line of peripheral 
equipment to maximize the capabilities of 

your Apple system including: High capacity Mini- 
floppy Disk Drives, the Vista Music Machine 9 


AND THERE'S MORE. and the Vista Model 15О Type Ahead Buffer. In 
The controller is compatible with the most addition, Vista offers a line of advanced 
popular disk operating components fully compatible with the 
systems for the TRS-8O* and S-1OO based 


computers. 


Vista 2: 
| Сотрапу 
1317 E. Edinger Avenue 


Santa Ana, CA 92705 
(714) 953-O523 


Call Toll Free 800-854-8017 


® Apple Il is a registered trademark of Apple Computers, Inc. 
* TRS-8O is a trademark of Radio Shack, A Tandy Со, 
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SSIBK/IEEE 
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64K — add universal bank 
select option for only $20.00 


a mp 
ZI - a T: i 
2:7) Е "cq ami: 


L4 - a - [3 = 


New: SS16K/IEEE RAM 
It’s ss you need in a 16K static RAM board 
al the lowst price you've ever seen. The 
5S16K/IEEE comes with all the high performance 
features listed below: And unlike obsolele-design 
RAM's (without bank select) you can add-on our 


universal software bank-selector system anytime, 
now just $20.00. This makes the 5516 КЛЕЕЕ capa- 
ble of addressing 2,048 different banks. You can add 
memory beyond the БАК limit. You can expand to a 
multi-terminal system. 


FEATURES ОҒ SSI6K/IEEE : 

» AIL ia 1 x һа proposed 

е All inputs and outputs meet the TEEE 
standards for the $100 bus. 

è 4.0 MHz operation. 

в Schmilt trigger buffer on all signals for maximum 
noise reduclion. 

e Addressable on 18K boundaries, 0-64K, dip switch 
selectable. 

* Phanlom option, dip switch selectable. 

e PWR/MWRITE option, dip switch selectable. 

e Glass epoxy PC board with ретина contacts 
and double-sided solder mas 

a Fully socketed. 

* Four separate regulators, for maximum бізін Шу. 


WITH BANK SELECT OPTION (now just $20.00) 

YOU ADD THIS: 

е Software bank selector fealuring a universal 
decoder works with Cromenco, Alpha Micro, 
Netronics, most other systems, or your design. 
On-board dip swilches: Bank Select Enable, Reset 
Enable, Reset Disable, Port Address, Port Data. 

e LED Indicator to display status. 


10-DAY MONEY-BACK TRIAL: Try а Іш Пу wired 
and tested board for 10 days —then either keep 
it, return It for kit, or simply return it in working 
condition, 
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Figure 12: А comparison of four exhaustive searches. Given the partial tree with goal 
node on level six, the four lines A, B, C, and D delineate the nodes expanded by the 


following searches: 


A limited depth-first search, with n=s=6 


B limited depth-first search, with s an even multiple of n (s 6, n3) 


C breadth-first search 


D limited depth-first search with s not an even multiple of n (5=6, п=4) 


The worst case for the limited depth-first search, given by D, expands more or fewer 
nodes than the breadth-first search, C, depending on whether area a or area b has more 


nodes. 


moves in the problem solution 
(n > s), the number of nodes ex- 
panded increases with the difference 
between the two (see the results of 
table 3b). 

e When the depth of the search is less 
than the number of moves in the solu- 
tion (n < s), two cases occur, If sis a 
multiple of n, the efficiency of the 
search is between that of a breadth- 
first search and a limited-depth search 
with n = s (as illustrated in figure 
12). It, however, s is not a multiple of 
п, the result is mixed, The depth-first 
search will go several levels deeper 
than the level of the solution and may 
be better or worse than a breadth-first 
search depending on the number of 
nodes expanded past level s and the 
number of nodes expanded in the 
breadth-first search that are not ex- 
panded in the limited depth-first 
search (see figure 12). 

e(Question 5) A depth of one 
(n — 1) gives a special case of the 
limited depth-first search. What is 


another name for this search? 


Conclusions 
We've covered quite a bit of 


material in this article, including an 
introduction to tree- and graph- 
searching terminology, a definition of 
the finite-state representation of a 
problem, the general-purpose search 
algorithm implemented in the BASIC 
program SEARCH, and three exhaus- 
tive-search algorithms. In most cases, 
a breadth-first search is the best of the 
three, but in some cases it can be im- 
proved upon by the limited depth- 
first search. 

Part 2 will deal with heuristic 
algorithms that estimate the "worth" 
of a given node in order to arrive at a 
guaranteed solution without perform- 
ing an exhaustive search. № 
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Interfacing to S-100 
IEEE 696) Microcomputers 


Sol Libes and Mark Garetz 


s book assists S-100 users іп expanding the power 
d utility of their systems. It describes the S-100 bus 
with unmatched precision and detail. Various chapters 
describe its mechanical and functional design, 

logical and electrical relationships, bus intercon- 
nections, and bussing techniques. Both-parallel and 
serial interfacing are described : 
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Turtle Geometry 
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imagine four turtles, each 
sitting at one corner of a 
square. At the same moment, 
each turtle begins to crawl іп 
a clockwise direction toward 
its nearest neighbor. They 
continue crawling at the same 
speed toward one another 
unti] they meet, How long is 
the path traveled by each tur- 
tle? 

The solution to this well- 
known problem—that the 
path equals an edge of the 
square—is reached most easi- 
ly by working from the 
turtle's point of view. А tur- 
tle is a small creature that in- 
habits a computer's graphic- 
display screen. 1 has the 
ability to move forward or 
backward a specified distance 
and to turn in place clockwise 
or counterclockwise through 
a given angle. Distances and 
angles are arguments in turtle 
commands. Just as straight- 
edge and compass are the 
basic tools of traditional 
geometry, so the turtle is the 


implement of turtle 
geometry. 
Turtle Geometry, by 


Harold Abelson and Andrea 
А diSessa, discusses using the 
computer to explore mathe- 
matics. Тһе authors make а 
persuasive case for their idea 
that compared with tradi- 
tional methods, the computa- 
tional approach encourages 
mathematical exploration at 
an earlier stage of learning. 
The turtle leads the learner 
on quite a different mathe- 
matical journey than does 


traditional geometry, The 
earliest ideas presented in this 
book later are found to bear 
important relationships to 
topological concepts, We first 
learn of the distinction be- 
tween intrinsic and extrinsic 

properties—intrinsic proper- 
ties are those that do not re- 
quire a frame of reference for 
their expression. А second 
ímportant distinction con- 
cerns local versus global гер- 
resentations, Circles are con- 
structed locally, meaning that 
the turtle does not know 
about the rest of the plane 
when making a small piece of 
a circle. Many of the turtle's 
constructions are both intrin- 
sic and local. 

Remember that the turtle 
can turn in place through any 
specified angle. If he keeps 
track of his turning by adding 
all clockwise turns and sub- 
tracting all counterclockwise 


turns, he immediately 
discovers the Closed-Path 
theorem: 


The total turning along 
any closed path is an integer 
multiple of 360 degrees. 


The approach of turtle 
geometry is empirical. You 
obtain а result like the 
Closed-Path theorem, then 
try to improve it, exploring 
its consequences for various 
kinds of paths. Before long 
you have made a new dis- 
covery, perhaps іп a different 
branch of mathematics. It is a 
tribute to the richness of tur- 
tle geometry that by the end 
of the first chapter you are 
studying the Euler $ function 
and Fermat's "'Little'' 
theorem, both number- 
theoretic ideas. 

Because the turtle is an 
animal, it is only natural to 
explore turtle movement as 
behavior in response tc con- 
trolling stimuli. Much can be 
learned by programming the 
turtle to model various types 
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of forced movement, such as 
movement toward or away 
from stimulation, (For ex- 
planations of forced move- 
ment, see Orientation іп 
Animals Бу С Fraenkel and 
D Gunn. Dover, 1961.) You 
can even set up experiments 
in which the turtle is respond- 
ing to information from more 
than one sense simultaneous- 
ly. 

The turtle can be used for 
modeling patterns of growth 
found in nature, The princi- 
ple of uniform growth leads 
to the shape of an equi- 
angular (logarithmic) spiral. 
Many other fascinating 
designs, such as the spiral 
shapes found in seashells, 
arise from invoking simple 
turtle procedures recursively. 
{See On Growth and Form, 
by D Thompson. Cambridge 
University Press, 1961.) 

The book provides a 
painless introduction to vec- 
tor methods. The brief excur- 
sion into linear algebra is the 
book's only "corruption" (Бу 
Cartesian analytic geometry) 
of turtle geometry, and it is 
both appropriate and worth- 
while. You learn here how to 
represent three-dimensional 
objects in two dimensions. 
Parallel projection 13 
presented first, then perspec- 
tive projection. Anyone who 
appreciates arcade games or 
is interested in their design 
will find this chapter en- 
lightening. The geometric 
bases of changing perspec- 
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tive, zooming, and the like 
are explained. 

Any computer with good 
graphics may be used to im- 
plement turtle geometry. (A 
commercial version is avail- 
able for the Apple.) A well- 
structured language such as 
Pascal is desirable, but not 
essential, ta implement the 
turtle routines. 

Inevitably, the turtle 
escapes from the plane. Tur- 
tle spherical geometry is the 
first nonplanar generaliza- 
tion, A beautiful local defini- 
tion of geodesic is developed: 


A turtle line is an 
equal-strided turtle walk. 


Equal-strided means the tur- 
tle's left and right sides move 
equally. The beauty of this 
definition is that it applies to 
any surface. Remember, the 
total turning around a closed 
path і an integer multiple of 
360°. Ав it turns out, the tur- 
tle can execute a closed path 
on nonplanar surfaces with a 
net 360° change in heading, 
but a total turning not equal 
ta 360°, The discrepancy can 
be detected intrinsically. The 
concept, called angle-excess, 
gives rise ta the important 
property called curvature. 
Further exploration brings us 
to the domain of topology, 
where ме encounter 
theorems such as, "Ány one- 
holed torus (doughnut- 
shaped surface) has zero total 
curvature," 
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Book Review 


Any surface in three 
dimensions can be deformed 
into a piecewise-flat surface, 
Piecewise-flat means, simply, 
that the surface is made of 
flat pieces joined at the edges. 
If the edges are straight, then 
all of the curvature is concen- 
trated іп the vertices, 
Piecewise-flat surfaces are 
easily represented in a com- 
puter program by an atlas 
which specifies all matching 
edge pairs by their face and 
edge numbers, Since a 
piecewise-flat deformation 
preserves all the topological 
properties of a surface, these 
properties can be studied as 


they are exhibited in this 
special case. For example, an 
important theorem, Gauss- 
Bonnet, states that the total 
curvature of any closed sur- 
face is: 


2a(V—E+F) 


where V is the number of ver- 
tices, E the number of edges, 
and F the number of faces. 
The turtles wanderings 
take him, finally, to the do- 
main of curved space and 
general relativity theory. 
Gravity as a property of 
geometry is presented in a 
parable about a turtle who 


lives near the north pole of a 
sphere. He constructs a two- 
dimensional Euclidean model 
of his experience. Inevitably, 
the turtle encounters various 
strange problems with his 
model. He eventually over- 
comes his difficulties by 
postulating a force which acts 
everywhere locally. The 
force is called "demon- 
turning." 

Traditionally, mathematics 
has shunned the computa- 
tional approach. The main 
thesis of Abelson and 
diSessa's book is that ex- 
perimentation using a com- 
puter stimulates mathe- 


matical discovery. The thesis 
is certainly true of turtle 
geometry, and one suspects it 
applies to many other areas 
of mathematics. Reading this 
book with the help of a good 
graphics computer system, 
you are sure to discover new 
and interesting math. Turtle 
Geometry is a serious effort 
to blend the computer with 
mathematics. it would serve 
as an excellent textbook or 
self-study guide. Perhaps it 
will also serve as a model for 
other efforts to bring the 
computer and mathematics to 
fruitful collaboration, 8 


Corrected Price 


In the June 1981 BYTE, Ах- 
[оп Inc's 8-slot bus expansion 
board was incorrectly priced. 
(бее page 420.) The board 
costs $895. The company has 
also released new pricing on 
the RAMCRAM memory 
module. It now costs $225. 


Blasted Bugs 


In the August 1981 BYTE 
"Software Received," the 
price for Budgeco's Raster 
Blaster was incorrectly listed, 
The correct price is $29.95, 

We apologize for the 
mistake. 


Super Simple Bug 


An integrated circuit was 
incorrectly labeled in James 
Nicholson and Roger Camp's 
article “Build a Super Simple 
Floppy-Disk Interface, Part 
1." (See the May 1981 BYTE, 
page 360.) 

In Figure 4b on page 372, 
IC9 should be numbered 


BYTE's Bugs 


74193. The pin numbers аге 
correct as shown. 


Color PEEKs 


Stan Miastkowski's article 
"Extended Color BASIC for 
the TRS-80 Computer" has 
been the focus of much atten- 
tion. (See the May 1981 
BYTE, page 36.) It seems that 
the system does indeed in- 
clude a PEEK Function, con- 
trary to what was previously 
printed, The author replies: 


1 admit that I goofed. For 
BYTE to run an article on Ex- 
tended Color BASIC at about 
the time it became widely 
available in Radio Shack 
stores, the company pro- 
vided me with one of the first 
production models and a 
rough draft of the documen- 
tation. The rough manual 
had a list of differences, one 
of which showed that PEEK 
was not available іп the 
nonextended model of the 
TRS-80 Color Computer. ft 
was, however, available by 
the time the manual reached 
its final stages, but that was 
too late for inclusion in the 
article. 
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Last One Out 


In John Sauter's article 
"Faster BASIC for the Ohio 
Scientific" (May 1981 BYTE, 
page 236), an error was 
discovered in listing 3 on 
page 240. The last line, an 
"INY", should be omitted—it 
is not part of the "ROR A" 
macro. 

For those using Microsoft's 
KIM or TIM BASIC, the new 


6A 
СВ 
09 EB 
18 
60 


code would be as shown in 
listing 1. 

Another bug was found 
when using the 5-inch disk 
version. The code to be 
patched is on track 04, not 03 
as published. Also, when us- 
ing smaller disks, the top 
memory should be set at 
hexadecimal 4200 as opposed 
to hexadecimal 47FF for the 
larger 8-inch disks.B 


$37C4 


($37DE through $3801 now unused? 


66 73 
66 74 
66 75 
66 76 
66 BD 
98 
4А 
DO D6 
60 


$73 
$74 
$75 
$76 
3BD 


$38A7 


($38D2 through $3903 now unused) 
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Turn your Apple into the world's 


most versatile personal computer. 


The SoftCard™ Solution. SoftCard 
turns your Apple into two computers. 
A 2-ВО and a 6502. By adding a 2-80 
microprocessor and CP/M to your 
Apple, SoftCard turns your Apple into 
a CP/M based machine. That means 
you can access the singie largest body 
of microcomputer software in exist- 
ence. Two computers in one. And, the 
advantages of both. 


Plug and go. The SoftCard system 
starts with a 2-80 based circuit card. 
Just plug it into any slot (except O) of 
your Apple. No modifications required. 
SoftCard supports most of your Apple 
peripherals, and, in 6502-mode, your 
Apple is still your Apple. 


CP/M for your Apple. You get CP/M 
on disk with the SoftCard package. It's 
a powerful and simple-to-use operating 
system. it supports more software 
than any other microcomputer operat- 
ing system. And that's the key to the 
versatility of the SoftCard/Apple. 
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BASIC included. А powerful tool. 
BASIC-80 is included іп the SoftCard 
package. Running under CP/M, ANSI 
Standard ВАЗ!С-80 is the most 
powerful microcomputer BASIC 
available. It includes extensive disk ИО 
statements, error trapping, integer 
variables, 16-digit precision, ежеп- 
sive EDIT commands and string func- 
tions, high and low-res Apple graphics, 
PRINT USING, CHAIN and COM- 
MON, plus many additional corn- 
mands. And, it's a BASIC you can 
compile with Microsoft's BASIC 
Compiler. 


More languages. With SoftCard and 
CP/M, you can add Microsoft's ANSI 
Standard COBOL, and FORTRAN, or 


С 


Basic Compiler апа Assembly Lan- 
guage Development System. All, more 
powerful tools for your Apple. 
Seeing is believing. See the SoftCard 
in operation at your Microsoft or Apple 
dealer. We think you'll agree that the 
softCard turns your Apple into the 
world's most versatile personal 
computer. 

Complete information? it's at your 
dealer's now. Or, we'll send it to you 
and include a dealer list. Write us. Call 
us. Or, circle the reader service card 
number below. 

SoftCard ts a trademark of Microsoft. Appie Il and 
Appia 11 Plus are registered trademarks of Apple 
Computer. 2-80 ¢ a registered trademark of Zilog, 


(пс CP/M ts а registered trademark of Digital 
Research, Inc. 


CONSUMER Ñ PRODUCTS 


Microsoft Consumer Products, 400 108th Ave. N.E.. 
Bellevue, WA 98004. (206) 454-1315 


Photo 1: Advanced TIROS-Class Weather Satellite. Used in military and civilian versions, the TIROS satellites have two on-board 
computers. 


One Step Forward — 
Three Steps Backup 


Computing in the US Space Program 


A special tension surrounds the de- 
velopment of a computer system for 
use as the main computer aboard a 
spacecraft. On one hand, such a com- 
puter must be able to perform com- 
plex operations. On the other, since 
the first extraterrestrial service call by 
a field engineer is yet to be made, an 
on-board computer system must do 
its work with absolute reliability 
despite the most demanding envi- 
ronmental conditions. And by the 
time a computer's reliability has been 
proved beyond a doubt, more effi- 
cient computers have appeared on the 
market. It's almost as if the same pro- 
cess that proves a computer's reliabil- 
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Patrick Stakem 
c/o Interface Technology 
POB 745 
College Park MD 20740 
(301) 490-3608 


ity also ensures that the computer will 
be obsolete before it flies. Developing 
a main on-board computer is both a 
battle to prevent a catastrophic 
failure and a race against obsoles- 
сепсе. 

The advent of the space shuttle 
(known more formally as the Space 
Transportation System) will soon en- 
hance the requirement for reliability 


on orbital missions. Moreover, the 
shirt-sleeve environment of Spacelab 
will prove an opportunity to use off- 
the-shelf microprocessor systems to 
support scientific experiments. But 
space-rating—establishing the fitness 
of hardware for use aboard a space- 
craft —will remain a severe test, espe- 
cially for computers that control life- 
critical and mission-critical systems. 
In this article, I'll first discuss the 
requirements of space-rating. Then 
I'll describe the tasks that a main on- 
board computer must perform and 
some of the capabilities needed to 
perform those tasks. I'll go on to dis- 
cuss the problems of providing 
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ground support for on-board soft- 
ware. 

After a glance at the historical de- 
velopment of on-board computers, 
I'll look at some devices now in use. 
Finally, Ill describe applications of 
microprocessors in noncritical func- 
tions aboard spacecraft. (Yes, there 
will soon be an Apple in orbit.) 
Throughout the article, 1 will confine 
my comments to civilian spacecraft of 
the United States. 


Space-Rating 

Equipment and software that must 
operate for long periods unattended 
in the difficult environment of space 
must be very reliable. Space-rating is 
the process that demonstrates the reli- 
ability of equipment for use on space- 
craft. The process requires careful 
testing of parts, components, assem- 
blies, modules, and software. Space- 
rating standards are stricter than 
specifications for military equipment. 

Here are a few of the things that a 
main on-board computer in the 
mid-1980s must be able to do: 


ewithstand repeated heating and 
cooling from --50% Celsius to — 10^ 
Celsius 


e function despite exposure to mecha- 
nical shocks, electromagnetic distur- 
bances, high-energy particles, and 
radiation 


ewithstand forces from 0 to 30 
gravities 


e perform calculations on the level of 
evaluating 1300 long time-series poly- 
nomials per second to 32 bits of preci- 
sion 


eundergo intensive use for periods of 
several years without experiencing a 
single failure 


Although space-rating standards of 
reliability are always stringent, they 
depend to some extent on the kind of 
mission for which the spacecraft is in- 
tended. 


Mission Classes 
Missions usually fall into one of 
three classes: manned missions, 
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planetary-probe missions, and un- 
manned earth-orbiting missions. 
Manned missions require the 
highest standards of reliability. When 
an astronaut's life is at stake, there is 
no room for failure. This principle is 
reflected in the record of the Apollo 
program: as a result of 2000 man- 
years of development and testing, 
there were no flight-critical errors of 
spacecraft software (see reference 8). 
The most common way to establish 
reliability in spacecraft equipment is 
to build in redundancy. The Shuttle 
Orbiter vehicle, for example, has five 
general-purpose computer systems to 
control all aspects of its operation. In 


of a rule that the Shuttle Orbiter will 
not be allowed to approach "dead" 
spacecraft, Unless telemetry indicates 
that an unmanned satellite still has ef- 
fective attitude-control and a certain 
level of stability, the Orbiter crew 
(and the extremely expensive Orbiter 
itself) will not be committed to ap- 
proach the satellite. In addition, any 
satellite intended for launch as a shut- 
tle payload must pass the same strin- 
gent requirements as a manned space- 
craft. 

Although no lives are at stake in 
their use, planetary-probe spacecraft 
also impose stringent requirements on 
on-board computer sysems. The long 


Photo 2: 5huttle Orbiter mounted on transport aircraft. The Orbiter has five on-board 
computer systems, configured to provide as many as three levels of backup in critica! 


situations. Two chase planes are visible. 


certain critical operations, four of the 
five systems will perform the same 
task, providing three levels of 
backup. 

More recently, concern for the lives 
of astronauts has led to the adoption 


flight times to distant targets, the 
hostile environments traversed, and 
the impossibility of retrieval or repair 
all increase the demands placed on 
equipment. Planetary-probe space- 
craft are very much on their own, 
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The distance between spacecraft and 
earth is often so great that radio 
signals require long periods to travel 
between the two. When the target is 
one of the outer planets, communica- 
tion may take more than a half hour 
each way. By the time the ground sta- 
tion receives a message indicating a 
problem aboard the spacecraft, too 
little time may remain to send mes- 
sages intended to correct the prob- 
lem. The design requirements for 
computer systems aboard planetary- 


probe spacecraft are perhaps an order 
of magnitude beyond those for sys- 
tems aboard spacecraft operating 
near earth. 

Most spacecraft carry out un- 
manned earth-orbiting missions. 
These missions may have either near- 
earth orbits or synchronous-altitude 
orbits. Spacecraft can remain syn- 
chronous with the rotation of the 
earth only by orbiting at extremely 
high altitudes. Since the Shuttle Or- 
biter can’t deploy or retrieve space- 
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Чо Special Pencils Needer 
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"imm 
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speed, 


Compact and lightweight, our 
new optic reader le а mere 4-16, 
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The reader " Autini with in- 


telligent Interfaces to Apple, 
TRS-8D, PET and Atari that 
simplify user software те. 
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RS-232 and 5100 Interfaces 


Ан 81095, Including the intelligent 
interface, the ОМК 500 truly adds 
an affordable new dimension to 
card reader Пе. Its пайз are 
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craft so far from earth, synchronous- 
altitude spacecraft must be built to 
function without service for the dura- 
tion of their missions. 

А spacecraft at synchronous 
altitude appears to remain stationary 
above one point on the earth's 
equator. Consequently, a ground sta- 
tion can stay in continuous com- 
munication with such a spacecraft, In 
this respect, spacecraft at syn- 
chronous altitude аге easier to 
manage from the ground. 

Satellites orbiting the earth at 
lower altitudes appear to "rise" and 
"set" over the ground station. À 
typical orbit takes about 90 minutes, 
and the spacecraft is in view of a 
given tracking station for only 10 
minutes of the 90. The ground station 
must pack a great deal of communica- 
tion into the 10 minutes of contact. 
During those 10 minutes, the ground 
station has to send up enough com- 
mands for the next 80 minutes of op- 
erations, check the state of all on- 
board systems, take any necessary 
corrective action, and dump recorded 
data from the satellite to the ground 
over a high-speed channel. 

During the 80 minutes when the 
satellite is out of touch with the 
ground, the on-board computer must 
sequence and monitor spacecraft op- 
erations and components and store 
messages about the status of 
monitored equipment. In case of 
problems, the on-board computer 
must take first-order corrective ac- 
tion. Even with the advent in the 
early 1980s of NASA's tracking sta- 
tion in the sky—the synchronous- 
altitude Tracking and Data Relay 
Satellite System  (TDRSS)— full 
coverage of satellites in near-earth 
orbits will not be assured because so 
many satellites will share use of 
TDRSS. 


Space-Rating Microprocessors 
Microprocessors, memories, and 
interface devices aboard spacecraft 
must operate in a vacuum over a wide 
temperature range. The vacuum re- 
stricts cooling to radiation and con- 
duction; since no atmosphere is pres- 
ent, convection is impossible. Besides 
the limitations on cooling, equipment 
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must be able to withstand а wide tem- 
perature variation while dormant. 
The dormant period includes launch 
and recovery, during which there is 
no assurance that the spacecraft can 
maintain adequate thermal control, 

Periodic and random vibration and 
mechanical shock may also damage 
electronic equipment during the 
launch phase. À common failure is 
breakage of a bonded lead wire where 
it is attached to the die of an inte- 
grated circuit. High inertial gravity 
(g) loads can cause such breakage. 
Space components are usually tested 
in steady-state acceleration in excess 
of 30 gs. Instantaneous accelerations, 
such as those undergone by a chip 
that is dropped onto a solid floor 
from a height of approximately a 
meter, can exceed hundreds of gs. 

Components of space-bofne sys- 
tems must neither generate electro- 
magnetic disturbances nor be vulner- 
able to them, The proximity of other 
electronic devices and of moderate- 
power transmitters of radio-fre- 
quency energy requires resistance to 
electromagnetic disturbances. 

The abundance of radiation and 
high-energy particles pose another 
threat to semiconductor devices in 
space, Although there is a self-healing 
effect if semiconductors are turned off 
for a while, periodic failures are unac- 
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ceptable in mission-critica] functions. 

Table 1 shows the radiation “hard- 
ness" of several microprocessors. In 
general, radiation damage is cumula- 
tive. Microprocessors of commercial 
grade fail at several thousand rads 
total dosage. Although it is possible 
to attempt shielding chips with 
aluminum paneling, results are not 
encouraging. Often, when one high- 
energy particle strikes the aluminum, 
more than one high-energy particle 
comes out the other side. 

P-type metal-oxide semiconductors 
(PMOS) are generally less susceptible 
to radiation damage than are the 
newer and faster N-type metal-oxide 
semiconductor (NMOS) devices, 
Radiation-hardened versions of stan- 
dard device-families are available, 
particularly complementary metal- 
oxide semiconductor (CMOS) de- 
vices, which are faster than PMOS 
but slower than NMOS. This is but 
one instance of space-borne tech- 
nology lagging behind current com- 
mercial technology. 

Perhaps the most serious hurdle 
that microprocessors must face before 
becoming main on-board computers 
is one of sheer computational power. 
Many of the calculations required of 
these machines need a word length 
greater than 16 bits. Until the ap- 
pearance of 32-bit microprocessors, 


Power of 
Basic Pro- 
cessor, in 
Milliwatts 
(mW) 


Suitable 
Support 
Circuits 


Projected 
Hardness, 
in Rads 


Memories, 30 
Soma 1/0 


500 
50 
1700 


10,000 
(16 bit) 
15,000 
(16 bit) 
15,000 
(16 bit) 


All VO 
Метагу, 
All VO 
Метагу, 
Some ЏО 


Table 1: Comparison of microprocessors for space applications. Included are 
each processor's radiation "hardness" and its average power consumption. 
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less highly integrated devices will re- 
tain their monopoly as main on- 
board computers. 


On-board Computer Tasks 
Designers of spacecraft have been 
relying more and more on on-board 
computers and associated data sys- 
tems to give the spacecraft flexibility 
and autonomy, Tasks assigned to the 
on-board computer include: 


e Attitude determination. Orienting 
the spacecraft in space is a vital and 
complex function. The spacecraft 
data system must give the computer 
data from sun- and star-trackers, 
earth sensors, and gyros. The atti- 
tude-determination algorithm calcu- 
lates how the spacecraft should be 
aligned with respect to inertial axes. 
Ihe attitude-control algorithm then 
issues commands that enable magnet- 
ic thrusters, jet torquers, or reaction 
wheels to point the spacecraft (ie: 
align the axes) to a desired point on 
earth or to a star. Attitude determina- 
tion and control, sometimes including 
orbit-adjust software, typically re- 
quire 4 to 12 K bytes of memory. 


e Command Storage. The on-board 
computer can store sequences of com- 
mands that are "time-tagged” for later 
execution, Storage may also include 
predefined blocks of frequently ex- 
ecuted command sequences (macros). 


è Executive. A real-time, multitask- 
ing, interrupt-driven executive іс used 
to sequence all tasks and to handle 
input/output operations. 


® Housekeeping. This includes moni- 
toring and controlling thermal and 
electrical power. These tasks may re- 
quire continual monitoring and limit- 
checking of sensors in the spacecraft. 
Spacecraft housekeeping may also in- 
clude continuous measurement of the 
batteries' charge. 


ә Telemetry Format Control, The on- 
board computer may control the 
sampling and format of the on-board 
telemetry points. This makes re- 
configuration possible in response to 
degradation and failures. If a prede- 
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Photo 3: АТ5-6 Communications Satellite. 


control. 


fined telemetry format is changed in 
order to circumvent a hardware prob- 
lem, the input on the ground-based 
telemetry processor must, of course, 


be changed, too. 


elnstrument Sequencing and Соп- 
trol. The on-board computer can 
monitor and control instruments 
directly or can support the in- 
struments' dedicated microproces- 
sors, In addition, the on-board com- 
puter can manage storage of data. 
Data is recorded during the "back or- 
bit," when the spacecraft is out of 
touch with the ground station. When 
the spacecraft reestablishes contact, 
data is dumped to the ground over a 
high-speed data link. 
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Traveling in synchronous orbit, the ATS-6 uses two on-board computers for attitude 


Some Essential Capabilities 
On-board computers must con- 
stantly perform complex mathemat- 
ical computations such as coordinate 
transforms. Floating-point capability 
enables on-board computers to per- 
form these computations efficiently. 
The alternative to building in float- 
ing-point capability has been to use 
scaled fixed-point operations. In test- 
ing, operation, and maintenance, 
however, the scaled fixed-point ap- 
proach has led to problems with over- 
flows, notably aboard Applications- 
Technology Satellite-6, the Interna- 
tional Ultra-violet Explorer, and the 
Solar Maximum Mission. These expe- 
riences have led to the choice of in- 
tegral floating-point capability in the 


on-board computers' processors. 

Designers may implement floating- 
point capability in several ways. The 
most attractive is to have floating- 
point capability as part of the 
machine architecture. The architec- 
ture of several on-board computer 
systems in the 1980s will implement 
floating-point capability. If a pro- 
cessor can't perform floating-point 
operations, the designer can add the 
capability by introducing a slave pro- 
cessor. The slave processor may rely 
on calculator or computer tech- 
nology, or it may be a co-processor, 
sharing the main processor's address, 
data, and control space. 

Designers sometimes add firmware 
containing math-library functions 
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such ав SIN/COS, АТАМ, and 
SORT, based оп the primitive float- 
ing-point operations. Ideally, the on- 
board processor would have both 
floating-point operations and math- 


Approach 

Used (see 
Processor table 3) Format 
2448 
24/87 
24/8 
24/8 
B-decimal- 
digit- 
mantissa, 
2-digit- 
decimal 
exponent 
32 bits; 


NSSC-1/SP-C32 1b 
81-11 2 
ATAC-16MS 2 
AM951 1? 1b 
57109: ia 


10 decimal 


digits 


! 24-bit mantissa/8-bit exponent 
* Essentially 25-bit mantissa 

* Slave processor only 

* Co-processor with 8086/8068 


library functions as standard fea- 
tures. The co-processor and firmware 
approaches are interim measures to 
be considered only so long as tech- 
nological restrictions prevent includ- 


Time Needed for Operation 
іп Microseconds (из) 


Add/Subtract Multiply 


16.5 11.5 
42.1 10 66.2 74 to 121 
5,75 16 
13.5 to 92 36.5 10 42 
22,000 to 32,000 to 

66,000 227,000 


Divide 


27.0 
151 to 232 
28.5 
38.5 to 46 
78,000 to 
223,000 


Table 2: Comparison of arithmetic operations in floating-point hardware. 
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ing these features in the main pro- 
cessor, 

Floating-point capability (in the 
24-bit-mantissa/8-bit-exponent for- 
mat) requires at least a 16-bit and pre- 
ferably a 32-bit word size. Several on- 
board computer systems in the 1980s 
will have floating-point capability, 
and at least one of these will have in- 
tegral math-library functions. 

Table 2 compares the floating- 
point capabilities of several kinds of 
hardware used in on-board com- 
puters. Table 3 shows the advantages 
and disadvantages of different ways 
of implementing floating-point capa- 
bility, Table 4 shows execution times 
of math-library functions in different 
processors. 


Higher-Order Language 

The complexity of the mathematics 
to be performed aboard a spacecraft 
gives considerable appeal to the use 
of a higher-order language in devel- 
oping flight code. The computer, of 
course, is indifferent to the program- 
ming language or method used. The 
question is whether higher-order lan- 
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Number Туре of 


(see table 2) Approach Advantages Disadvantages 
Slow 
interfacing; no-math 


library 


Built-in math functions 
asi—may proceed in 
parallel with main micro- 
processor 
Faster, rnath-library 
avaliable 
Very fasi 


1a Add-on arithmetic processor 
ib — Add-on microprocessor 


Architeclure and inter- 
facing problems 
Usually no math- 
library, math functions 
must be written in 
software 


ic Coprocessor 


Functions bult inio 
main microprocessor 


Table 3: Comparison of different approaches to floating-point capability. 


implementation Tima 
for Fixed-Point Calculations 
Accuracy іп Microseconds (дз) 


(м blis) siN/GOS АТАМАЯН SQRT 
9900, with software 16 109 236 117 


NSSC-1, with software 18 183 417 190 
LSI-11, with software 16 176 544 184 


Processor Used 


implementation Time 
for Floating-Point Calculations 
{b} in Microsaconds (zs) 


Processor Used SIN/COS  ATANIASIN SQRT 
(51-11 with floating-point hardware 784 1303 787 


NSSC- 1/SP-C92 285.2 311 223 
ATAC-16MS 121.2 235 123.6 


implamentation Time for Calculation 
(c) by Inherent Math-Library Functions 
Processor Format In Microseconds (ша) 

Usad Used ATANIASIN — SQRT 
AM9511* Floating-Point 1084.25 1384 206.5 
58109” Decimal 760,500 620,500 186,000 
8087 Co-processor МА N/A 38 


* Average of minimum and wors! case limes 


Table 4: Implementation times of several math functions in different processors. 
The functions considered are sine, cosine, arctangent, arcsine, and square root. 
Table 4a shows the times for fixed-point implementations. Table 4b shows the 
times for floating-point implementations. Table 4c shows miscellaneous pro- 
cessor/format combinations. 
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guages increase programmers effi- 
ciency. Many programmers now 
think that they can work more effi- 
ciently in higher-order languages than 
in assembly language. 

But will the use of higher-order lan- 
guages make testing and maintaining 
software more difficult? It remains 
unclear, during operation of a space- 
craft, whether code produced in as- 
sembly language is easier to debug 
and change than code produced by a 
higher-order-language compiler. But 
the experience of producing the flight 
code for the Space Shuttle suggests 
that language derived from a higher- 
order language is no more difficult to 
debug and may even be easier. 

Among the higher-order languages 
that are candidates for use with on- 
board computers are Jovial, HAL/S, 
and Ada/Pascal. Each has advan- 
tages and disadvantages. (Space Pro- 
gramming Language [SPL] was devel- 
oped by RCA for in-house use and 
never gained wide acceptance.) In the 
absence of an effort to develop a com- 
piler, however, designers will have to 
use whatever language is supplied by 
the manufacturer of the hardware. 

Pascal-like languages impose struc- 
tured techniques on programmers. 
Some programmers have faulted 
Pascal because each program in that 
language is an entity, lacking external 
references. But, in creating software 
for flight-loads, this feature of Pascal 
should be an advantage because 
flight-load software must function as 
an entity. Moreover, Pascal has 
gained wide acceptance among pro- 
grammers, Апа the Department of 
Defense has adopted Ада, а Pascal- 
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like language. 

HAL/S was created specifically for 
generating flight software, but is not 
designed for use with a small pro- 
cessor. As with al] higher-order lan- 
guages, HAL/S will only be as good 
as its compiler implementation, 
which translates programs into ma- 
chine language. 

The choice of which higher-order 
language is used may not be critical. 
It would probably not be cost-effec- 
tive to develop a compiler specifically 
for use in the space program because 
all the recommended on-board ma- 
chines for the 1980s include one 
higher-order-language compiler. 
Note, however, that all these com- 
pilers must be cross-compilers 
because the flight processor can’t sup- 
port a cornpiler of its own. 


Supporting Software 

The tools that programmers use to 
develop and maintain software for 
on-board computers include cross-as- 
semblers, loading and dumping 
facilities, and simulation facilities. 


e Cross-Assemblers. Despite the ex- 
istence of several higher-order lan- 
guages for spacecraft computers, pro- 
grammers still work mostly in assem- 
bly language. Since the on-board 
computer doesn't host its own sup- 
port software, the cross-compilers, 
cross-assemblers, editors, and linkers 
reside in a small- or medium-scale 
computer system used for support. 


CHANGES 


CROSS ASSEMBLER 


SUPPORT COMPUTER 


Programmers work on this support 
system, using its convenient facilities 
such as video display, disk and tape 
drives, and a printer. The code pro- 
duced is then "downline loaded" to 
the flight computer or test facility or 
transferred via tape image. 


eloading and Dumping. Тһе soft- 
ware load-image for the on-board 
computer must be mapped into space- 
craft commands through the com- 
mand link, as shown in figure 1. The 
ground control center usually does 
this mapping, and then uplinks the 
commands to the spacecraft via a 
tracking, telemetry, and command 
station. On the spacecraft, the com- 
mand receiver routes the commands 
to the computer, where they are inter- 
preted. The NSSC-1 on-board com- 
puter, discussed at length later, can 
be hardware-loaded (without the in- 
tervention of on-board software) ог 
can be loaded by use of the executive 
program, The latter technique, how- 
ever, is used only to update non- 
critical parts of the code. 


The memory of the on-board com- 
puter can be dumped on command. 
The on-board computer puts its mem- 
ory words into the spacecraft 
telemetry stream. A ground station 
receives these memory words and 
then relays them to the control 
center. After software decodes and 
formats the dump image, the support 
computer prints a copy. 


LOAD IMAGE FILE 


CONTROL CENTER 


TRANSLATE wi 
SPACECRAFT COMMANDS SPACECRAFT 


Simulation Facilities 

NASA often uses simulation to test 
the hardware and software of on- 
board computers. А program hosted 
in a mini-computer or in a stil] larger 
machine is made to appear to the on- 
board computer as the rest of the 
spacecraft. A large and complex real- 
time simulation generates sensor data 
and accepts torquer commands, exer- 
cising the on-board computer in 
many different hypothetical situa- 
tions, In addition to serving as the 
major debugging and analysis tools 
for flight software, simulations are 
used to train control-center crews. 


Debugging Software in Orbit 

After thousands of man-years of 
testing, an on-board computer is 
launched and assumes full control of 
spacecraft operations. АП too often, 
the on-board computer crashes 
because of an obscure and improb- 
able set of conditions that no one 
even dreamed of simulating. 

How does an analyst debug and 
patch software in a computer that is 
in orbit? If the control software de- 
sign is good, an analyst can sit down 
at the console, dump memory, and 
patch code without having to worry 
about the vast amount of hardware 
and software between him or her and 
the on-board computer. The analyst 
of the on-board computer is in fact 
communicating with the control- 
center computer, which is in contact 
with the on-board computer through 


ON-BOARD 
COMPUTER 


SPACECRAFT 


TRACKING, TELEMETRY, 
AND COMMAND 
STATION 


Figure 1; Diagram of the process of changing software for the on-board computer. After software is revised using the support com- 
puter in the ground control center, the new code is translated to spacecraft commands, linked, sent to the spacecraft through a track- 
ing, telemetry, and command station, and placed into the spacecraft's on-board computer. 
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contractors. The power of our system is in 
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Apple. This card permits high speed 
searches and eliminates running sort 
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a Tracking, Telemetry and Command 
Station. During a crisis, however, the 
analyst doesn't want to think about 
these details. 


Fixing Failures in Orbit 

Once diagnosed, software failures 
can be corrected by partially or com- 
pletely reloading memory. Complete 
reloads are possible but time-consum- 
ing. Remember that the ground con- 
trol center often has only 10 minutes 
in every 90 for communication. 

Hardware failures in orbit are more 
difficult to diagnose and fix. Al- 
though the Shuttle Orbiter will havea 
tape drive for storing software, most 
on-board computers lack mass-mem- 
ory units, Using disk drives in orbit, 
except in the largest vehicles, leads to 
problems because of the need to com- 
pensate for the drives’ rotational 
angular momentum. Perhaps two 
identical disk drives revolving in op- 
posite directions would compensate 
for each other. But the main problem 
in fixing hardware is that only one 
technique is possible: turning off the 
equipment for a while, This treatment 
fixes some failures caused by radia- 
tion, 

Analysts in the control center can 
sometimes work around a hardware 
failure. When the computer on the 
Orbiting Astronomical Observatory 
failed, for example, analysts deter- 
mined that a bit in the adder had be- 
come unreliable, They rewrote the 
software to avoid using that bit. It is 
possible to work around failed mem- 
ory in a similar fashion. 

In the era of the space shuttle, it 
will be possible to replace modules 
containing a failed computer or even 
to bring an entire spacecraft back to 
earth for repairs. Most current space- 
craft designs incorporate hard-wired 
functions, independent of on-board 
computers, that will enable the Space 
Shuttle to approach and retrieve a 
spacecraft that has a malfunctioning 
computer. 


Early Systems 

Spacecraft computers started out as 
a natural outgrowth of missile-guid- 
ance computers—simple sequencers. 
In the late 1950s and early 1960s, 
missile-guidance computers were 


ground-based and had tube or tran- 
sistor technology. One of these early 
devices is on display at the Smithso- 
nian Museum of History and Tech- 
nology in Washington, DC. 

With the advance of technology, 
designers were able to place missile- 
guidance functions in an on-board 
computer. The main work of the mis- 
sile-guidance computer remained the 
sequencing of operations, The mis- 
sile-guidance computer had to work 
for only about 30 minutes. Com- 
puters aboard spacecraft, of course, 
have to perform a greater variety of 
functions and to go on working much 
longer. 

The first NASA spacecraft that in- 
corporated a general-purpose com- 
puter was the Orbiting Astronomical 
Observatory, launched in 1972. 
Called the On-board Processor 
(OBP), this first on-board computer 
was built by NASA and was the 
precursor and engineering model of 
the NSSC-1. Although the OBP was 
included mainly as an experiment, the 
computer helped prolong the life of 
the mission until December 1980 
despite many on-board equipment 
degradations, including the failure of 
a bit in the computer's adder, as 
described earlier. 


Current Systems 

Table 5 shows details of some cur- 
rent on-board computer systems. 
Note that most missions include two 
processors. The AMSAT Phase III, 
designed and built by amateurs, in- 
cludes a CMOS processor. Favored 
storage devices in current systems in- 
clude core and plated-wire devices. 
The systems shown in table 5 contain 
no secondary memory storage. Pre- 
ferred technology is high-reliability 
TTL (transistor-transistor logic) or 
radiation-hardened CMOS. Typical 
machine cycle times are several 
microseconds. 

On-board computers are examples 
of embedded computer systems— 
they perform as subsystems and per- 
form only a specific application. As 
microprocessor technology evolves 
toward a chip with a processor in the 
class of the IBM System 370, micro- 
processors will increasingly serve as 
on-board computers. 
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Table 5: Characteristics of some current on-board computer systems. 


Table 6 shows processors that are 
available for space missions in the 
1980s. Among the features summa- 
rized in table 6 are the higher-order 
languages that are offered for use 


with these processors. The table also 
gives the times required by each pro- 
cessor for addition, multiplication, 
and division in both fixed- and float- 
ing-point operations. 


Computer Mission Number Memory Size Memory Type 

1. NSSC-1 MMS (Generic) 1or2 8-64 Қ by 18 bits CORE 

2. AOP Landsal-B/C 1 4 K by 18 bits PWM 

3. NSSC-1 SMM 2 48 K by 18 bits PWM 

4. АОР IUE 2 12 K by 18 bits PWM 

5. ОВР ОАО-С 1 16 K by 18 bits CORE 

6 DOC АТ5-6 2 4 K by 16 bits PWM 

7. “СС Viking Lander 2 18 K by 18 bits PWM 

8. CCS Viking Orbiter 2 B K by 18 bits PWM 

9. FDS MJS-77 (Voyager) 2 8 K by 16 bits CMOS 

10. CCS MJS-77 (Voyager) 2 B K by 18 bits PWM 

11. AACS MJS-77 (Voyager) 2 B K by 18 bits PWM 

12. SCP-234 TIROS-N 2 18 K by 16 bits CMOS 

13. SCP-234(USAF) Block 50 2 16 K by 16 bits CMOS 

14. COSMAC AMSAT Phase 1118 1 16 K by 8 bits CMOS 

15. NSSC-1* Landsat-D 2 64 К by 18 bils CORE 

16. ATAC-16ms* Galileo (AACS) 2 32 К by 16 bits CMOS 

(hardened) 

17. CDC 469 HEAO 2 16 K by 16 bits Plated Wire 


Type of 
Processor 


TTL 


LSI bit slice 


PMOSI/LSI 


* Not yet launched. 


Cycle Time 
1.545 


1.4д5 
1.3и5 
2.035 
5.048 
5.05 


3и5 
1.545 
25008 


Spacecraft Computer-1 

Current plans call for use of the 
NASA Standard Spacecraft Com- 
puter-1 (NSSC-1) for flights using the 


Multimission Modular Spacecraft. 


Computer 
Category NSSC-1 
Manufacturer IBM 
Herilage to Previous SMM,IUE 
Computers 
Space Applications MMS 
Fixed-Point Word Size, Bits* 18/35 
Floating-Point Word Size, Bits* 35/18 
Size, Cubic Inches 570 
Weight, Pounds 17 
Power, Watts 45 
High-Order Language 
JOVIAL 
SPL 
HAUS а 
Ada/Pascal 
Fixed-Point Execution Time, us 
Addition/Subtraction 
Multiplication 38 
Division 75 


Floating-Point Execution Time, д8 


Addition/Subtraction 393 
Multiplication 580 
Division 909 


Cost in thousands of dollars 


205 


* Bits in Mantissa/Bits in Exponent 
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N/À z Not Avallable 


Table 6: Characteristics of processors available for space missions in the 1980s. 


NSSC-1 
SP-C32 NSSC-11 ATAC-16ms M3625 SCP-234 
IBM/MM IBM ITEK Оеісо ВСА 
None None ECW ТІТАМПІНО None 
Avionics F-16 
None None Galileo IUS TIROS-N 
18/35 32 16/32 16/32 16/32 
24/8 24/8 24/B 24/8 М/А 
М/А 1232 609 1250 655 
М/А 28 18 54 7.8 
М/А 150 31 190 10 
о о 
е Ф 
© 
5 N/A 0.25 0.8 4,68 
38 B.5 5.0 2.B 59 
75 17.5 10.2 5.8 101 
16.5 N/À 5.8 2.6 М/А 
11.5 38 17.5 4.6 N/À 
27 58 29.2 9.8 М/А 
355 М/А 115 1800 МА 


CMOS . Complementary Metal-Oxide Semiconductor DOC - Digital Operations Controller 

DTL - Diode-Transistar Logic FDS - Flight Data Subsystem 

LPTTL - Low-Power Transistor-Transistor Logic OBP - On-board Processor 

PWM ‚ Piated-Wire Memory NSSC-1 - NASA Standard Spacecraft Computer 
TTL - Transistor-Transistor Logic MMS - Multimission Modular Spacecraft 
AACS - Attitude and Articulation Control Subsystem SMM - Solar Maximum Mission 

АОР - Advanced On-board Processor = NSSC-1 IUE - |nternational Ultraviolet Explorer 
ccs - Computer Command Subsystem QAO - Orbiting Astronomical Observatory 

m - 10* seconds ATS-6 - Applications Technology Satellite 

ns - 107% seconds 


Flying in various configurations, this 
modular satellite wil] perform many 
NASA missions. 

The NSSC-1 occupies 122 cubic 
inches, weighs 3 pounds and requires 


MECA DF-224 

Teledyne Autonatics 

DELTA, None 

CENTAUR 

Nona Space 
Теіеѕсоре 

16/24/32 24 

24/8 NO 

1091 М/А 

49 102 

74 85 

a 

1.6 1.6 

3.94 8 

М/А М/А 

6.6 М/А 

11.12 МА 

МА МА 

МА 2250 


a 5-watt power supply. А fixed-point, 
two's-complement computer with a 
word length of 18 bits, the NSSC-1 
has 55 instructions and performs an 
add operation іп Sys, a hardware 


FTSC 469 GPC 
Raytheon coc IBM 
None НЕАО М/А 
Мопе None Shuttle 
32 16/32 36 
N/A NO YES 
М/А N/A N/A 
50 10 59 
35 20 350 
a 
9.4 4 
11 10.4 5.7 
NIA М/А МА 
М/А М/А МА 
М/А М/А МА 
М/А М/А М/А 
1000 650 500 


multiply operation in 38 us, and a 
divide operation in 75 us. All these 
items are based on use of a 1.6 MHz 
clock. The NSSC-1 has one index reg- 
ister, one double-length accumulator, 


CMOS/SOS 4516E 


TRACOR Litton 
AN/UYK-20 М/А 
None None 
1632 16/32 
24/8 YES 
М/А МА 
МА 18 

5 34 
0.75 2.5 

4 21 

В М/А 
3.75 МА 
10 М/А 
15 М/А 
М/А 115 
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Figure 2: Simplified block diagram of the Command and Data Handling module of the Multimission Modular Spacecraft. 


and features indirect addressing, it 
has 16 interrupt levels and handles as 
many as 16 direct-memory-access de- 
vices over a single 100-word-per-sec- 
ond channel, 

The addressing range of the 
NSSC-1 is 64 K words of memory. 
The NSSC-1 contains memory built 
of 8 K-word blocks and features 
paged addressing, by means of which 
all 4096 words in a given page are ac- 
cessed directly, Normally, data and 
code reside in different pages. 
Dynamic write-protect is applicable 
to 128-word blocks of memory. 
Memory units on the NSSC-1 use 
power switching to reduce consump- 
tion of energy when units are not 
being addressed. 

Since the NSSC-1 contains no 
ROM {read-only memory), the com- 
puter has a direct-load feature that 
allows loading a “cold” machine 
through the spacecraft command 
link, By contrast, the Digital Opera- 
tions Controller on Applications 
Technology Satellite-6 did have mem- 
ory-load and “bootstrap” ROM soft- 
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ware, Of course, if a ROM contains a 
programming error, it can't be cor- 
rected while in orbit. 


Multimission Spacecraft 

The characteristics of the MMS 
(Multimission Modular Spacecraft) 
impose many requirements on the 
NSSC-1. The MMS consists of three 
building-block modules and a sup- 
porting structure. The modules— 
Power, Attitude-Control, and Com- 
mand and Data Handling equip- 
ment—provide ready-made space- 
craft components. Combining an 
MMS with an instrument module 
makes a spacecraft that the Space 
Shuttle can launch and retrieve, The 
first MMS spacecraft to be launched 
was the Solar Maximum Mission in 
February 1980. The next is Landsat-D 
scheduled for July 1982. 

Aboard the MMS, the NSSC-1 re- 
sides in the Command and Data Han- 
dling module as part of the spacecraft 
data bus. This module contains 
telemetry transmitters and command 
receivers for spacecraft operation. 


The Command and Data Handling 
module can include as many as three 
standard 10*-bit or two standard 
10°-bit recorders for temporary stor- 
age of data for the spacecraft or the 
instruments on board. The Command 
and Data Handling module also con- 
tains the basic timing-reference signal 
for the spacecraft, accurate to 1 in 10° 
parts and stable to 2 in 10* parts per 
day. Instruments themselves may in- 
clude more accurate clocks. 

The most important component of 
the MMS data system is the multiplex 
data bus. The bus is a set of redun- 
dant party lines and has both super- 
visory and reply lines. The multiplex 
data bus links all components of the 
spacecraft, The only data that doesn't 
flow through the multiplex data bus is 
data transmitted at rates greater than 
a megabit per second, 

Linking each spacecraft component 
to the data bus is a special interface 
called a Remote Interface Unit. Since 
the bus is configured as a party line, 
each Remote Interface Unit has а 
unique address ranging from 1 to 63. 
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Figure 3: Detailed block diagram of the Command and Data Handling Module of the Multimission Modular Spacecraft. The diagram 
shows the module's interface as well as the redundancy of each of the module's components. 
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Each Remote Interface Unit can han- 
dle 8 serial-magnitude and 64 pulse- 
type commands. (In a serial-magni- 
tude command, the whole byte is 
taken to have one value. In a pulse- 
type command, each bit is an “оп” or 
"off.") A Remote Interface Unit can 
also handle 64 telemetry channels. 
Some spacecraft components have 
more than one Remote Interface Unit 
assigned to them. 

The bus supervisory lines are time- 
division multiplexed. They carry 
command messages and addresses for 
interrogated telemetry. Four basic 
message types, each 32 bits long, 
make up a basic 125-microsecond 
supervisory-bus timing cycle. Data 
on the reply bus moves in 8-bit 
packets. The data bus is basically a 
1.024-megabits-per-second serial line, 

The STACC (standard telemetry 
and command components) central 
unit is the main interface between the 
spacecraft data bus and the command 
receiver/transponders, the telemetry 
modulators/transmitters, and the on- 
board computer. The on-board com- 
puter, however, is not interfaced dir- 
ectly to the STACC but through the 
STINT (STACC Interface Unit). 

Figure 2 shows a simplified view of 
the Command and Data Handling 
module. Note that the path for ex- 
tremely high-rate data bypasses the 
bus and feeds the telemetry modula- 
tors directly. Also note that the op- 
tional tape recorders may be used to 
buffer telemetry data for later 
transmission to the ground. 

Figure 3 is a fuller block diagram of 
the Command and Data Handling 
module with а] its interfaces. The 
diagram shows that the Command 
and Data Handling module contains 
redundant copies of every compo- 
nent, There are two processors for the 
NSSC-1, but only one complement of 
memory. Only one of the NSSC-1's 
processors can be powered at a time, 
and either processor can address all of 
the memory. 

So far, as its commands and its 
contributions to telemetry are con- 
cerned, the NSSC-1 is just another 
component of the bus. Most bus traf- 
fic consists of interrogation ад- 
dresses, commands going out to com- 
ponents, and data for telemetry. The 


STACC unit, under ROM control, re- 
quests telemetry data in a certain for- 
mat, The NSSC-1 can modify that 
forrnat if necessary. 

When the computer needs certain 
data faster than it is normally 
sampled from telemetry, the on- 
board computer can request and 
receive the needed data over the bus. 
Such data is then "interleaved" with 
telemetry data. One design considera- 
tion is to prevent the telemetry for- 
matter and the on-board computer 
from contending to sample the same 
device at the same time. 


The Future and the NSSC-1 

The NSSC-1 is a production-model 
computer that is adequate for today's 
missions, Because more and more 
data-processing tasks are being as- 
signed to the NSSC-1, its adequacy 
бог missions іп the 1980s is question- 
able. NASA is considering several ap- 
proaches to increase computing 
power in on-board computers of the 
19805. 

In an attempt to avoid complete re- 
design of a basically adequate compo- 
nent, NASA has investigated several 
schemes to augment the NSSC-1 
within the framework of the current 
design. These schemes include the ad- 
dition of floating-point hardware and 
the off-loading of large computa- 
tional tasks to dedicated microproces- 
SOTS. 

One study proposes using a micro- 
processor to collect, format, and pro- 
cess data from the spacecraft's gyro- 
scopes. This task is a time-consum- 
ing, repetitive computational burden 
that could easily be shifted to a 
microprocessor. 

A similar proposal calls for shifting 
the attitude determination and con- 
trol algorithm, representing approxi- 
mately 40 percent of the NSSC-1's 
computational load, to a dedicated 
microcomputer, It turns out that the 
Texas Instruments 9900 microproces- 
sor would be ideal for this applica- 
tion. The input/output from most of 
the spacecraft's devices is serial and 
has word sizes up to 24 bits, and the 
9900 has an inherently serial 
input/output structure. 

Microprocessors could also relieve 
the NSSC-1 of several other modular 
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tasks, One of these is the calculation- 
of-orbit position. These calculations 
rely on frequently updated data from 
the ground and usually involve evalu- 
ating long time-series polynomials. 
Extremely difficult to do without 
floating-point, calculations of posi- 
tion usually require at least 32 bits of 
precision, or a 24-bit mantissa and 
8-bit exponent. А recent study pro- 
jected that the on-board computer 
would be required to perform 1300 
floating-point operations per second; 
60 percent of the operations were 
short, such as addition, and 40 per- 
cent were long, such as division and 
multiplication, The NSSC-1 can do 
only 30 of these computations per 
second and not in floating-point. 
(When the Global Positioning System 
that is described later becomes opera- 
tional, it will greatly simplify the task 
of determining position.) 

Table 7 compares the performance 
of the NSSC-1 with that of several 
current microprocessors, Ignoring 
word size, the NSSC-1 may be 
thought of as the approximate equal 
of a PDP-8 class minicomputer. 


Spacecraft Applications 

Designers are using micropraces- 
sors more and more as dedicated con- 
trollrs on spacecraft. The current 
trend is to give each major instrument 
its own dedicated microprocessor. 
This is a step toward on-board distri- 
buted processing. Another concept 
under study is creating a pool of 
microcomputers to serve all the 
spacecraft's instruments in common, 
providing extensive backup at the 
cost of greater complexity. 

А microprocessor inside an instru- 
ment can monitor and sequence the 


Word 
Size 


Tach- 


Processor nology ters 
18 3 
8 7 


16 16 


16 В 
02 О В 16 
ATAC-16ms Schotiky 16 16 


Ragis- 


instrument's operation as well as 
carry out some first-level reduction of 
data. Since much of this data reduc- 
tion is now done on larger computers 
on the ground, the use of micropro- 
cessors inside instruments will greatly 
reduce the amount of data that must 
be transmitted from the spaceship to 
ground stations. 

But designers must also weigh the 
possibility of losing valuable data due 
to a malfunction of a microprocessor 
aboard a spacecraft. The specter of a 
perfectly functioning instrument de- 
feated by a failed microprocessor 
haunts instrument scientists, De- 
signers must also assure that the sup- 
port required for the space-borne pro- 
cessor does not become greater than 
the computer resources required if the 
job is done on the ground. 

Before a scientific instrument can 
become operational on a spacecraft, 
scientists must specify the required 
data-processing algorithm and the 
format of the output data. Then the 
processing resources required can be 
estimated, basically in terms of time 
and memory. Then a decision can be 
made as to where the processing can 
best be done—on the ground or in the 
spacecraft. 

One or more Remote interface 
Units connect the microprocessor- 
based instrument processor with the 
MMS multiplex data bus. Data rates 
from X-ray instruments typically car- 
ried on MMS spacecraft usually do 
not exceed 256 k bps (bits per sec- 
ond). Gamma-ray instruments usual- 
ly result in less data by an order of 
magnitude, 

Techniques often applied in in- 
struments' dedicated processors in- 
clude: spectral analysis by fast 


Mumber 
of Instruc- 
tlons 


Add 
Time 


Cycle 
Time 


RIT 
Sas 
4.87 u5 


1.648 38 5 
1.Зша 


.333н5 


17,3345 


28 es 
1.2445 
250 ns 


dus TO es 
2.5 р8 


Ops 5.545 


Table 7: Comparison of on-board computers with microprocessors. 
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Multiply 


Fourier transform algorithms for two 
dimensions; time-domain analysis, 
such as burst detection and periodici- 
ty detection; and the detection of 
transients for modification of instru- 
ment operation in real time. 

Payloads designed for the space 
shuttle flights of the 1980s draw 
heavily on microprocessor tech- 
nology, often using microprocessors 
in place of discrete logic and hard- 
wired controllers. In such applica- 
tions, microprocessors provide an un- 
precedented level of complexity and 
flexibility. An example is the Payload 
Assist Module-Delta Class (PAM-D), 
a sort of second stage for the shuttle, 
The PAM-D will boost spacecraft to a 
final orbit beyond what the Shuttle 
Orbiter can achieve directly. Several 
microprocessors aboard the PAM-D 
will check and cross-check safety fea- 
tures, sequence operations, and inter- 
face with the Shuttle's and the pay- 
load satellite's data systems. 


Global Positioning System 

The GPS (Global Positioning Sys- 
tem) will consist of a network of or- 
biting spacecraft that provides global 
coverage. The GPS is designed to 
yield highly accurate data about the 
positions of earth satellites. The GPS 
satellites and ground stations are also 
known collectively as the NAVSTAR 
system. 

The experimental model of the GPS 
receiver to be carried on Landsat-D 
uses a dedicated LSI-11 processor to 
calculate position in orbit. Using data 
received from orbiting GPS space- 
craft, the GPS receiver can locate 
Landsat-D's position within meters 
on the earth's surface or in orbit, This 
will enable the satellite to make accu- 


Word 
Addressing 
Capability 


Temp 
Divide Range 
7548 — 10* to +40°C 
— — 55° № +125°С 
305 Q* to + 70°C 


0? to +50°С 
— 55? to +125°С 
MIL Spac 


8045 
11.2545 
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HIGH SPEED 
DATA PROCESSING 


The new Dual-Mode 200 brings speed and un- 
compromising print quality to business and pro- 
fessional applications. 

Financial statements, inventory reports, la- 
bels and more are printed at data processing 
speeds from 165 cps to 250 cps. 

Fully adjustable tractors and a friction feed 
platen provide precise forms handling for pin- 
feed and single sheet paper. 

Complete "Dot Control" graphics is standard 
with resolution to 120 x 144 dots per inch. 

Interfacing is easy with both ЕТА. RS-232C 
serial and an ASCII parallel port. 


The One Printer Solution 
tor the Two Printer Problem. 


LETTER QUALITY 
WORD PROCESSING 


The Dual-Mode 200 also features letter per- 
fect print you will be proud to use for business 
letters and reports. Letter Mode speeds range 
from 42 cps to 60 cps. 

The standard Titan 10 pitch font is comple- 
mented by an array of optional fonts including 
Elite 12 pitch, italics, proportionally spaced, 
OCR-A, scientific and foreign character sets. 

Up to 12 font selections may be stored in the 
printer and interchanged while printing. 

The Dual-Mode 200 accepts standard daisy- 
wheel print commands for word processing sys- 
tem compatibility. 

It's the perfect solution for the two printer 
problem. 


The Dual-Mode 200 Printer 
for the one printer office. 


Call or write today for complete specifications 


2301 Townsgate Road, Westlake Village, CA 91361, (805) 496-1990 


malibu 


Electronics Corporation 


a subsidiary of DOmtamatics Corporation 
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rate correlation of its observations 
with latitude and longitude. 

The GPS receiver is a "black box" 
device—that is, all that the user needs 
to know about it is the format of data 
that the GPS receiver accepts and 
produces. But the processor inside the 
GPS receiver is basically an LSI-11. 
The GPS receiver receives coded GPS 
signals, decodes them, and calculates 
a position. This position is then trans- 
mitted to the user; in the case of 
Landsat-D, the user is the on-board 
computer. The Shuttle Orbiters will 
also be equipped with GPS receivers. 


Ап Apple in Orbit 

The shirt-sleeve environment of the 
Spacelab reduces the stringency of re- 
quirements on equipment. For use not 
critical to the mission, standard com- 
mercial hardware can be used, [n 
fact, one of the first Spacelab flights 
will have an experiment controlled by 
an Apple II Microcomputer system. 
The Apple will monitor an experi- 
ment in plant growth in the zero- 
gravity environment and will collect 
data for recording and transmission. 
Although the Apple has been adapted 
for use with other equipment, it is 
basically the same Apple that is com- 
mercially available. The use of micro- 
computer systems as dedicated exper- 
iment controllers aboard spacecraft is 
expected to increase rapidly, m 
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The important plus іп matrix printers: 


Since their introduction in mid-1980, the Anadex high- 
resolution DP-9500 Series matrix prinlers have set new 
standards for printer quality and performance. All 
models feature the rugged Anadex 9-wire print head 
thal combines long life with resolutions of 72 dots/inch 
verlical and up to 75 dots/inch horizontal. With this kind 
of resolution, fineline graphics (under dala source con- 
Irol) and razor sharp characters are pluses built into 
every printer. 


Performance Pius 


The full standard ASCII 96 character sel, with de- 
scenders and underlining of all upper and lower case 
letiers, is printed bi-directionally, with up to 5 crisp 
copies, al speeds up to 200 CPS. Models DP-9500 and 
DP-9501 offer 132/158/176 and 132/165/198/220 columns 
respectively. Print densities are switch- or dala-source 
selectable from 10 1o 16.7 characters/inch. АП char: 
acters сап be printed double-widlh under communi: 
calions command. 


Interface Plus 


Standard in all models are the three ASCII compatible 
interfaces (Parallel, RS-232-C, and Current Loop). Also 
standard is a sophisticated communications interface 
to control Vertical Spacing, Form Length and Width, 
Skip-Over Perforation, Auto Line Feed, X-On/Off, and 
full poiat-to-point communications. 


Features Plus 


As standard, each model features forms width adjust- 
ment from 1.75 to 156 inches, shortest-distance 
sensing, full self-test, 700 character FIFO buffer (with 
an additional 2048 characters, optional), and a quick 
change, 6 million character life ribbon. 


Quality Plus 


Beyond the built-in performance of the gratixPLUS 
series printers, the engineered-in quality and support 
are equally important. The result? Approval of both UL 
and FCC, Class A; operating noise levels under 65dbA: 
and a nationwide service organization second to none. 


To see for yourself why the grafixPLUS printers offer 
more pluses for your printing dollar, contact us today. 
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Software Review 


Misosys Software's DISKMOD 
Put Radio Shack's Editor/ Assembler on Disk 


Steve Hughes, 5831 Hillside Dr, Doraville GA 30340 


If you have bought a floppy-disk drive for your Radio 
Shack ТК5-80 Model I and want an editor and assembler 
package that uses the disk, you will be interested in 
DISKMOD. The only problem with just buying the disk- 
based Radio Shack Macro Assembler is the $100 price 
tag. This expense is particularly annoying if you own and 
are satisfied with Radio Shack's cassette-tape-based 
Editor/ Assembler. 

The DISKMOD program from Misosys Software takes 
the cassette-based Editor/Assembler and modifies it to 
reside on disk and to use disk files for most I/O 
(input/output) operations. You can save about $50 by 
buying DISKMOD and the Radio Shack cassette 
Editor/Assembler, or $80 if you have the cassette 
Editor/Assembler. [ am not saying that the Misosys- 
modified cassette Editor/Assembler is the equivalent of 
the disk-based Macro Assembler. It isn't. But if you are 
not doing extensive programming in assembly language, 
you may not need the extra features contained in the 
Macro Assembler, 

I use Z80 assembly language for writing utility pro- 
grams and an occasional subroutine, when I need a 
function that BASIC can't perform with enough speed. 
Aside from that, all my programming for the TRS-80 is 
done in BASIC. Since I already owned the cassette 


At a Glance 


Name 
DISKMOD 


Purpose 

Upgrade the Radio Shack 
cassette-based 

Editor/ Assembler to a disk- 
based Editor/ Assembler 


Manufacturer 
Misosys Software 
5904 Edgehill Dr 
Alexandria VÀ 22303 


Price 
$19.95 


Format 
Cassette tape 


Language 
280 assembly language 


Computer 

TRS-80 Mode] 1 Level Il 
with 32 K bytes of memory, 
a floppy-disk drive, and the 
Radio Shack cassette 
Editor/ Assembler 


Documentation 
14-page 8/1- by 11-inch 
loose-leaf pamphlet 
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Editor/Assembler (hereafter referred to by its file 
name, EDTASM), the modification program looked 
good to me, 

The package I purchased consisted of a single tape 
cassette containing two versions of the program (one 
for EDTASM 1.1, the other for EDTASM 1.2) and a 
14-page user's manual, The cassette is warranted for 90 
days on a replacement-only basis. (This must be what 
the registration form is for, since no other explanation 
of its use is given.) 

The DISKMOD program moves the EDTASM pro- 
gram to disk after moditying it extensively. The 
modifications: 


eallow loading and saving source programs and data 
to a disk file 

eallow the object code to be written to a disk file 
eallow you to move blocks of source data in the text 
buffer 

eprovide a replace-string Function for the editor 

ө allow you to see how much free space is left in the text 
buffer 

sallow you to get a disk-directory listing from EDTASM 
eallow you to kill a file Ком EDTASM 

eallow use of the Clear key 

@enable you to paginate listings 

è let you sort the symbol table before printing it 
echange the screen scrolling to provide 15 lines of text 
on the screen 

з allow you to reenter EDTASM without losing the con- 
tents of the text buffer 

eenhance the B command and the DEFM assembly out- 
put 


Your next question is, "What do I have to do to use the 
DISKMOD program?" First, you must have a system 
with 32 K bytes of memory and a copy of the Radio 
Shack cassette Editor/Assembler. The DISKMOD pro- 
gram works with either version 2.2 or 2.3 of TRSDOS 
and with most other TRS-80 disk operating systems. 

The instructions for loading and using the DISKMOD 
program are simple and straightforward. I found only 


little Apple to talk 
toWestern Union, 
‘Telex and IW} 
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Micro-Telegram" lets your Apple П“ computer access Western Union" services, 
worldwide. You can send Mailgrams? Send and receive TWX Telex, and international 
cables. Receive Infomaster^ up-to-the-minute news, stock, foreign exchange, gold, 
futures, sports, and ski reports. Use your Apple" to wire money. То send flowers. То 
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Telegram lets you edit messages right on the screen, sends them automatically without 
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and distribution lists, prints when you want it M IC RO) CO NA 


to, and asks you in plain English for your 
commands. Besides, it doesn't clatter and We make little computers talk big. 
Call 800-547-5995, ext. 188, toll-free, 


churn out reams of paper. 
Call our toll-free number today. And for the Micro. Tel iind diua 
nearest you. Dealer inquiries invited. 
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make your little Apple heard ‘round the world. 


Microcom, Inc., 89 State Street, Boston, MA 02109. (617) 367-6362 
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Listing 1: Output of the PD (List Directory) command. 


00018 FREE GRAINS - DIRECTORY - DRIVE 0 - TRSDOS -09/17/80 
TAPEDISK/CMD 00512 


LOWER/CMD 00256 
COPT/CMD 03072 
TESTI/CMD 01536 
EDTASM/CMD 05888 
RSTERM/CMD 00768 
KSRTEST/CMD 00256 


one slight problem: the command provided to write the 
DISKMOD program to a disk file is incorrect. It reads: 


F DISKMOD/CMD 7500 8ACA 7F70 
It should read: 
Е DISKMOD/CMD:0 7500 ЗАСА 7F70 


With this correction, anyone can use the program suc- 
cessfully, The process takes about ten minutes. When 
you're finished, you can type the command EDTASM 
under TRSDOS and have the Editor/ Assembler speedily 
loaded from disk into memory. 

You notice a difference in the Editor/Assembler 
instantly. lt now prompts for memory size. This lets you 
reserve high memory for peripheral-device drivers or any 
other subroutines. One pleasant surprise concerns the 
printer driver. The modified program uses the same DCB 
(device control block) and ROM (read-only memory) 
printer driver as Level II BASIC. If you have a special 
printer driver for use with BASIC, it also works with the 
Editor/Assembler. When you have answered the 
memory-size question, you are back in normal working 
mode. 

The only command I will mention is the PD, or List 
Directory, command. It gives the name and size of each 
normal file on the disk, as well as the amount of free 
space on the disk. This information is particularly useful 
when you are attempting to squeeze a new file onto a 
nearly full floppy disk. Listing 1 shows a sample of the 
information you receive. 

The other new commands work quite well. Explicit 
prompts are used for most of them, making it easy for the 
beginner to use them. The manual explains each new 
command in detail and notes any changes made to the 
standard commands by the DISKMOD program. 

The package works as advertised and all the com- 

emands function. It is possible that some problems will 
occur as І use the modified Editor/ Assembler more exten- 
sively. In my experience, major modifications made to an 
existing program generally cause some minor bugs. The 
modified program has worked satisfactorily so far. 

If you are considering a move to а disk-based 
Editor/Assembler, but dislike the cost of Radio Shack's 
Macro Assembler, I strongly recommend the combina- 
tion of the Misosys DISKMOD and the Radic Shack 
cassette Editor/Assembler programs. № 
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EPSON 


PRODUCTS 


MX80/70 FRICTION FEED 


KIT by Orange Micro 


HERE AT LAST! A friction feed КН 
for your EPSON МХ80/70. The kit 
allows the user to convert his 
Epson printer to a friction feed and 
ріп (вед mechanism, 


Тһе friction feed will accept single 

sheets of your letterhead, or mul- Ж 
tiple copy forms such as invoices ~ 

with up to 4 part carbon copies. " - 


Тһе pin feed replaces the adjust- 
able sprocket mechanism. It allows 
use of 9%” wide continuous fan- 
fold paper which is an indusiry 
standard size. 


Mo drilling required. Installation $75 00 
takes about 30 minutes. All parts 

are included with easy to follow EAE IRE NIE 
instructions. 


» 9 x 9 dot matrix е Lower case 
descenders » 80 CPS + Bidlrec- 
tlonal, Logic seeking * 40, 66, 80, 
132 columns per line * 64 special 
graphic characters: TRS-80 Com- 
patible е Forma handling * Multi- 
pass printing * Adjustable tractors. 


MX80 | (List $645) $ CALL 
МХ80 Dot Graphics Upgrade. ............ . (List $95) SCALL 


EPSON Е | 
MX70 — —^ 7 


• Super low-priced dot resolution 

graphics « 5 x 7 dot matrix * User 

Қаралды printhead е Тор of 
orm. 


MX70..... ьрлафра фе т ела вания чать ISt $445) SCALL 


EPSON 


Z MX80 FT 
$ 
е Sama Бавіс features as the МХ80 


s PLUS friction feed for single 
sheets * and adjustable tractors. 


MXBD ЕТ.................. TP (List $745) $ CALL 


APPLE INTERFACE 


For Epson 


The Grappler™ interface card Is 
the first to provide on-board firm- 
wara for Apple high resolution dot 
graphics, No longer does the user 
need to load clumsy software 
routines to dump screen graphics 
— it's all in à chip. Actually, it's ош 
E-PROM, and it 13 replaceable to 
accommodate the Anadex, Epson 
MX80 & МХ70, IDS Paper Tigers, 
c LM a ia, future graphics 
printers. The Grappler'™ accepts 
17 software commands including includes Cable 
Hi-Res inverse, 90° rotation, double DEALERA INQUIRIES 
size, and much mora. INVITED 


Orange Micro 


“ТНЕ COMPUTER PRINTER 
SPECIALISTS" 


UP TO 25% DISCOUNTS! — SAME DAY SHIPMENT! 


RADIO SHACK 

без) CENTRONICS 739 (. ме ғамтея w 
With Graphics апа 

Word Processing Print Quality 


е 18 x 9 dot matrix; suitable for word 
processing « Underlining * proportional 
spacing ® right margin justification * serif 
typeface = 80/100 CPS + 9%” Pin 
Feed/Friction feed * Reverse Platon = 
80/132 columns е Top of form 


CENTRONICS 739-1 (Parallel)................. (List $995} $ Сай 
CENTRONICS 738-3 (Serial).......... казана (181 $1045} $ Call 


АМАОЕХ 


Dot Graphics, Wide Carriage 


= 11 х9 dot matrix; lower case дезсеп- 
ders * Dot resolution graphics * Bi- 
directional, ORO seeking * Up to 200 
CPS • RS 232 Serial & Parallel • Forms 
control е X-ON/X-OFF е Up to 6 part 
сору. 


ANADEX 8501..............................(Ц81 $1650) $1350 


AXIOM 


Dot Graphics, Low Price 
( " ' А + Dot addressable graphics ® 70 CPS 
{ ‚ ә 12 characters per inch « 80 columns 
а co d | / * adjustable tractors * 3 part copies 
' * Manufactured by Sieko * Parallel, 
| RS232 serial, IEEE-488 interfaces 


available. 


AXIOM GP-8DM ...... һейтёйтзте ев» ф%аё&т+ф р s. ao pa {1$ ( $399) $349 


10$ РАРЕН ТІСЕН5 


Dot Resolution Graphics, quality print, speed 


"ar 
owe 


е 7 wire printhead (445); 9 wire printhead 
(480) with lower case descenders * Over 
150 CPS = bi-directional, logic seeking 
(460) * 8 character sízes; 80-132 columns 
* Adjustable tractors е High-resolution dot 
graphics е Proportional spacing & text 


Justification (460). 
105 445G 7 wire printhead, graphics .....,.....((ізі $895) 
IDS 460G 9 wire printhead, graphics ..,....... (List $1394) 


IDS 5606 9 wire, wide carriage, graphics ...... (List $1794) 


’ CALL FOR INFORMATION & CATALOG: 


(800) 854-8275 
CA, AK, HI (714) 630-3322 


RETAIL PRINTER STORE 
Store #1 3150 E. La Palma, #1, Anaheim, CA (714) 630-3622 
Store #2 13804 Ventura 8l., Sherman Oaks, CA (213) 501-3486 
Store #3 COMING SOON ?? 
Store Hours: M-F 10-6 Sat. 10-4 


@ Orange Micro 


VISTA — C. ITOH 


Daisy Wheel Letter Quality 


а 25 CPS (Optional 45 CPS) « Typewriter 
quality » Centronics parallel е RS 232 
Serial (Optional) « Proportional spacing • 
, Bidirectional е Programmable YFU * Self 
! tesi е Diablo compatible * Friction feed 
(Optional tractors} = 136 printable 
columns. + Manufactured by C. ITOH. 


ADORA TC CNN. a (List $1895) $ Call 


ANACOM 
Low Cost, High Speed, Wide Carriage 
* B x 9 dot matrix » Lower case descenders + Wide carriage = 
Adjustable tractors to 16" ® 150 CPS, Bidirectional, Logic Seeking 


АМАСОМ 150 .... .............. (List $1350) $ Call 


MALIBU 165 
The Smali Business Printer; 
Letter Quality & Speed. 


* 10 x 8 dot matrix * Letter quality prínt; Lower case descenders 
* High speed; 165 CPS, Bidirectional, Logic seeking е Wide car- 
паде е Vertical forms control е User programmable character set 
ә Dot Resolution Graphícs. 


NEC SPINWRITER 
High Speed Letter Quality 
» 55 CPS = Typewriter quality е Bidirectional © Piotting * pro- 
portional spacing. ^ 
5510-5 RO, Saríal, witractors ....,............ (List$2995) $2675 
5530-5 RO, Parallel, м/Игасіогв.....,...........(15192970) 52650 


TELEVIDEO CRT'S 


AT DISCOUNT PRICES! 


ma Ты Өт Please Cali Toll Free 
o -————M — Prices aro too low to 
TV! 920C advertise 
QUANTITY PRICING AVAILABLE ТУІ 950 
PRINTERS 
MALIBU 165 wide carriage, graphics, letter quality .. (List $2495) $ 1975 
QUME 5/45 typewriter quality ...... Ғы тылы. (List 52905) % 2558 
INTERFACE EQUIPMENT 


CCS APPLE SERIAL Interface & саМе.................... $ 150 
ORANGE INTERFACE for Appio tl 


parallel interface board & cable ............ ғ” $5.9 110 
MICROTRONICS Atari parallel імелізсе.. .... ПАРУ F ЖИ 
ATARI 850 Interface тойш!в,зепа!рагайа!................. .. $ 199 
TRS-80 CABLES io keyboard ог Exp. interface .. Sas... $ Сай 
NOVATION D-CAT direct connect тодөт............»...... $ Call 


3150 E. La Palma, Suite С, Anaheim, CA 92806 


Phons order WELCOME; same day shipment. Free use of VISA & MASTER- 
CARD. COD's accepted. Manufacturas warranty included on all equipment, 
Prices subject to revision. 


At Orange Micro, we try to fit the right printer to your application. 
Call our printer special/sis for free consultation. 
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The Converter 
that transforms 
your electronic 


typewriter into a 


7 


computer 
printer. 


No modifications to 


the typewriter 


к» Does not affect normal 
typewriter functions 


>> All typewriter functions 
accessible by computer 

>> RS232C, IEEE and 
parallel interfaces 


available 


>> KSR version turns 
typewriter into a 
computer terminal 


^ Fully assembled, tested 


and burned in 


NEW! NOW AVAILABLE 


= — — n_n 


OLIVETTI PRAXIS 35 
TYPEWRITER 
+ 


CONVERTER TP35 = 
DAISY WHEEL PRINTER 
FOR LESS THAN $1000. 


| Prices start as low as $275 
| CONTACT YOUR LOCAL 
OFFICE EQUIPMENT DEALER 


OR 


VERTICAL DATA SYSTEMS INC. 
FOR FURTHER DETAILS. 


WWW Vertical Data Systems Inc. 
1215 Meyerside Dr., Unit 2A, 
WW Y Mississauga, Ontario, 


Canada L5T 1H3 


(416) 671-1752 


Dealer inquiries invited 
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Software Review 


MINCE 
A Text Editor 


Christopher O Kern 
201 I St Apt 839 
Washington DC 20024 


А text editor is probably the most personal program on 
a personal computer system, The average user spends a 
good amount of time communicating with the editor— 
entering or altering programs, data, or text. Different 
users, with different applications, often have different 
ideas about how they want an editor to work, a fact 
which accounts for the large number of editors on the 
market. 

MINCE is one of the newer entries into the software 
market for 8080-family computers that use the CP/M op- 
erating system. MINCE is modeled on a large-system 
editor, called EMACS, which was developed at MIT 
(Massachusetts Institute of Technology). Its authors say 
that MINCE stands for "MINCE 1s Not Complete 
EMACS”; nevertheless, it has a lot to offer. It can do all 
the usual text-editing functions—insert or delete 
characters, words, and blocks of text, move text around, 
and search for and replace strings—as well as perform a 
number of other operations that are not generally avail- 
able in microcomputer editors. 

MINCE's features include the ability to read, create, 
and write multiple-disk files, to move text among dif- 
ferent files quickly and easily, to automatically transpose 
characters and words, and to execute familiar operations 
in unusual contexts. For example, it can move the cursor 
by sentences or paragraphs, fill lines out to a specified 
length one paragraph at a time, capitalize or change the 
case of words without retyping them, and delete just the 
whitespace between words or characters as well as the 
words or characters themselves. 


Command Structure 

Despite the large number of commands in MINCE, the 
editor functions coherently. Command types are 
grouped logically so that one command sequence is used 
for a group of commands that affect textual units such as 
letters and lines, and another command sequence is used 
for a group of commands that deal with lexical units such 
as words and sentences. Where possible, the same mne- 
monics are used for similar operations at these different 
command levels. For example, the command to move the 
cursor forward one letter is Control-F, and the command 
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PRODUCED ІН THE HEART OF SILICON VALLEY, CALIFORNIA US. A. ; 


Now —A four station, 

hard disk business computer 
with letter quality printer, 
terminals and get-rolling 
software for less 

than $15 а дау.” 


*Price approximate and may vary in your area. Daily tease based on: $17,000 principal. 20% annual interest, 5-year term. 
Altos ACSBOOO0- 


Includes: Altos 10 computer, letter quality printer, four precision terminals and get-rolling software. 
Does not include tax, installation, training and maintenance. 


Introducing the Altos 
Business Computer Special. The 
most powerful, reliable, easy-to- 
use system in its price range. 
And Altos now offers on-site, 
nationwide service. 

The hardworking engine of 
our system is the Altos 
АС58000-10 computer. It can 
cost-effectively hook-up with 
from one to four stations, as 
your needs demand. Its rapid 
access, 10 MByte Winchester 
hard disk is capable of storing a 
3,000 page load. 


Our get rolling business soft- 


ware package includes multi-user 
systems software, Wordstar™ for 


word processing and Microplan " 
for business analysis. And when 
you need more, your local Altos 
representative can route you 
through to hundreds of other 
business and accounting pro- 
grams, to meet virtually any 
requirement. Plus Altos also lets 
you communicate with other 
computers, mainframes, and 
even allows networking. 
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Get on the right track! Join 


thousands of professionals, insti- 


tutions and businesses who rely 
on Altos computer systems. Cail 
our toll free number or write 
today for the Altos sales and 
service depot nearest you. 

All aboard! 


Wordstar is a trademark of MicroPro international Corp. 
Micropian is a trademark of Chang Laboratories, Inc. 


(6) 1981 Altos Computer Systems 


Packed with 
fresh ideas 
for business 


COMPUTER SYSTEMS 
2360 Bering Drive 
San Jose, California 95131 


800-538-7872 


(In Calif. 800-662-6265) 


to move it backward one letter is Control-B, while the 
analogous commands to move the cursor across words 
are Escape-F and Escape-B. 

Ав the previous example implies, MINCE does not use 
the cursor control or other special function keys available 
on many terminals. Commands are entered as control 
characters, as escape sequences (the escape character fol- 
lowed by one or more additional characters), or as con- 
tro] sequences (a control character followed by another 
contro] character or a printing character). Most com- 
mands can be executed reiteratively by preceding them 
with a numerical argument. In the usual operating mode, 
text is self-inserting: characters typed at the console will 
be inserted into a file rather than written over what is 
already there. Án optional page mode provides the more 
common arrangement in which typing at the console 
replaces any text at the current cursor position. 

For convenience, the text being edited is assumed to 


Bumed ond tested: backed by fou woronty 
service. Find our why our prices, 
and service moke ui the #1 source for ihe #4 
5400 system. Free gomes ish 


EPSON MX-80 
Price Breakthrough - Call! 


Okidata М-80 ............. $374 
Okidata M82 ana 5499 — 


 Okidato MBI nomen STS Horizon (1 64K DD 2895.00 


Horizon | 64K Qd ...... 53295.00 


ш 
1 
1 


че "a -— m 
ALTOS 
NOW MORE FOR LESS 
ACS-8000-15 hos 208K ВАМ. 1 МӘ. оп flop 
$ зело! ond 2 ports. Upgrade w/ 


9500/9501 ......... $1274.00 na cvs 
Datasouth 


T1810 Basic .......... $1499.00 


АС58000-15 


contain only а single "newline" character between lines, 
While this character is displayed only in the sense that it 
moves the text following it down to the next line, it is 
otherwise treated in the same manner as any other char- 
acter. But the files written by MINCE conform to the 
CP/M convention of having both an ASCII (American 
Standard Code for Information Interchange) carriage- 
return character and a line-feed character at the end of 
each line. Thus they are completely compatible with 
other CP/M programs, such as the CP/M-resident TYPE 
command. MINCE will display control characters 
embedded in the text except for those, such as newline 
and tab, to which the text editor responds. Control-A, 
for example, would appear on the display as 1A. 
MINCE provides some rather arcane commands, such 
as one that moves the cursor to the next line and indents 
it to correspond with the indentation that started the 
previous paragraph (helpful for writing code in struc- 


TELEVIDEO 


A new line of micros from the leading 
name in terminals. System 4 inchudesa 
940 СКТ, баж КАМ. {Мб on floppy. 
CP/M. dlegnestics and more 

System 1 $2995 


Televideo 910 
BE Horeltne Esprit 
B ADDS ievwpolot 
Sorec IQ 130 


Zenirh/Heoth 


yaw tocol 
Phoiphor iwen and CP/M inchated. 
769 w/48K 2 51035 


Televideo 912 
Televideo 920 


$2144 
| Televideo 950 


Scottsdale Syste ПП $. 


6730 E. McDowell Road, Suite 110, Scottsdale. Arizona 85257 


= (602) 941-5856 


Сай 8-5 Mon-Fri. 
(We Export) TWX 910-950-0082 (IMEC SCOT) 


"MORE PRINTERS 


$719.00 
Centronics 739........$795.00 
DECLA 34AA ...... $1049.00 

$719.00 


- MEC 5510 $2689.00 
. Diablo 630 $2295.00 

C.ttoh Starwriter..... $4370.00 
* МЕС 5520 .............. §3069.00 


“Tractors included іп price 


Ampex D&O 
080 Amber 

| Mime Act JA 
ADM - ЗА 
Saroc 120 


— MAIL ORDER ONLY 


2% cosh discoun inctuded/charge cards add 2%. Prices subject to change, product 
subject то ovallobiliry. Arzono residenti odd 5%. ГОЛ, point of shipment 
Scottsdale. 0.20% restocking fee for retuned merchandise. Worranries included 
on oli products. Personal checks токе 3 week ro cieor. 


The SuperBott "С compili 
supports mon! o! varalon 7 Unix 
standard "C". Several apecial and 
Widely desired 'ealures ога 
*upported, including е 


* Macro axpanalons via the 
ideline atatamani 

* Include files using the Mie- 
lude statemenl. 

* Inline asnambly code is 
supported wilh the faam and 
Fendaam. 

* The object code may be 
ROMad. 

* Programs may be ORGad (ог 
any location 

* Completely dynamic momory 
allocation із supportad, both 
by Ihe compller and in usar 
programs. (That in, the 
lunctiona ‘alloc’ and гоо" ara 
provided wilh Ihe compilar.) 


SupérSoll "C^ is a two pass 
comgpliar. The frat pasa в! (па 
compllar produces an intamiadiata 
code (Ucoda, tor Universa coda), 
Рав Iwo contains both ihe 
tuansalulor and Ihe optimizer Тһе 
intám atiam coda is optimized and 
apaambly code ia oulpul (o fila 


Tho optimizer typically resulta in 
40% code reduction. This moans 
that compiled objecti сода will run 
hearty да lasi as that which was 
wiitlen in assembinr 


An importanti feature of (he compiler 
18 (hal asaembhly coda lo produced 
This means (па! "hand 
optimization" of criliéal auctione 1и 
possible. Also, Ihe Inline coder 
allows вазу insertion of assembly 
language routines. 


Wim Ша compiler саа iho 
complete source code tà tha HO 
libraries. These libraries are equal (o 
ar better (han any thal axiat for the 
B0B0/ZB0 computer system 
Funocnons Included 


орип close resi wriin 
seh Те! борам create 
Dute gelc flush 


Tho Saek command supports 
absolute, ralaliva from front, and 
ralütiva (тот and о! е. Fopan 
includes lcreat. Also included wilh 
ihe compiler are numarouas sample 
programs and а complule library of 
u&eful tuncllaons 


for CP/M 


Compile time options indlude listing 
lilo, console output, яуға» 
checking and other 


Hequiros: 48K CP/M, (more recommended) 


"C" compiler $200.00 
Manual only: $ 2000 
ZBÜOO0 erass-«compllar $500.00 


(CP/M to 28000 5000, requires 28000 
assamniar) 

Bource code for 

in-houne uae only: $5,000 00 
ОРЫ Fungi SU and] badinam 4° Nap 
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“CP/M registered trademark Digital Research 
"Unix registered trademark Ве! Laboratories 


SuperSoft 


First in Software Technology 


tured programming languages). Yet it is possible ta make 
MINCE do useful work by learning only а handful of the 
most common commands and picking up others as your 
sophistication and requirements grow. 


Multiple Files 

MINCE lets the user work on, or from, multiple files. 
Each file is read into a logically separate buffer area from 
which it can be operated on independently. It is also 
possible to move text from one file to another, as when 
copying blocks of text or program source code. The vir- 
tue of having the ability to deal with multiple files may 
not at first be obvious (at least it wasn't immediately ob- 
vious to me), but, now that I have done a bit of experi- 
menting with multifile editing, I think that I would really 
miss that feature. Of course, ignorance is bliss: it didn't 
bother me that I could work on only one file at a time 
when [ was using CP/M's ED program or any of the other 
editors I have used at one time or another, 

As I write this, I am working with three files, The first 
contains the text you are reading at the moment. The sec- 
ond contains random observations about MINCE that 1 
entered as I learned to use the program. The third file 
contains a description of all the MINCE commands— 
conveniently provided on the MINCE distribution disk — 
that [ keep ready for reference. Аз I go along, 1 am copy- 
ing some of my earlier observations almost verbatim. 
After editing the pertinent block of text, I just transfer it 
into the main file (the one I am using for this article). 


AVAILABLE TODAY 


from MSD: the XENIX™ Operating 
System, Microsoft's Adaption of 
Bell Laboratories Time-Tested 
UNIX" Version 7 Operating System. 


MSD provides this comprehensive line 
of products for the UNIX community: 


IB XENIX Operating System № Screen Oriented Text Editor for 
VT-100 Compatible Terminals ІШ Database Manager and Report 
Generator Which Will Easily and Efficiently Cantrol Large Accumu- 
lations of Information № Accounts Recelvable System Which Can 
Be Used to Monitor and Control Receivables in Order to Improve 
Cash Flow № Uni-Calc™ — An Electronic Spreadsheel Which 
Makes Financial Analysis, Forecasting and Business Planning Easier 


In addition to reliable Software pre-config- 
ured for your Hardware, MSD will provide 
complete user support by: 
Ш Answering your telephone questions Bl Providing new releases 
as available ІШ Supplying you with the best Hardware for your 


UNIX requirements 
Grand Rapids, МІ 49506 


M 
ы ID (616) 842-5060 


MANAGEMENT SYSTEMS DEVELOPMENT 
Uni-Cale, UNIX and XENIX are trademarks ol MSD Corp. Bell Laboratories 
and Microsoft respectively 


MSD Corporation 
2449 Camelot Court, SE 
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When I am finished writing, I wil] save the article on disk, 
replace the original random observations file with the 
edited version, and do nothing at al] with the list of com- 
mands, which will remain on the disk in its original form. 
ІНІ wanted to, I could save the edited random observa- 
tions as a new file, so both the original and edited ver- 
sions would be available on the computer's file system. 

It is also possible to display two files simultaneously. 
MINCE splits the video screen horizontally, creating two 
separate windows, one inta each file. Each window 
begins at half the screen size, but can be expanded or con- 
tracted more or less arbitrarily. At the mament, for ex- 
ample, I am looking at this text in the top half of the dis- 
play and at my earlier comments on the use of windows 
in the bottom half of the display, If I wanted to look at 
something in the file containing the list of commands, I 
could place that file in the bottom window without dis- 
turbing the display of the text | am writing. Since the win- 
dows are entirely independent, it is possible to move to 
the next page of one file while writing, editing, or main- 
taining the cursor position on another. 

Status information is continuously displayed at the 
bottom of the screen. This includes the name of the file 
currently being edited and a percentage figure indicating 
how much of the exísting file is behind the current cursor 
position (a nice feature). Among the other status indica- 
tors is one that tells the user whether a particular file has 
been altered. If it has, MINCE won't return to the com- 
mand level of the operating system without offering an 
opportunity to save the altered file on disk. 


Speed of Operation 

For АП its impressive flexibility, MINCE is not without 
its flaws, some of which it shares with other editors run- 
ning in microcomputer environments. First, and worst of 
all, MINCE is slow. The editor doesn't seem to lose char- 
acters; frequent checking for keyboard input and the pre- 
sence of a large type-ahead buffer ensure that. But 
MINCE can't update the screen fast enough to keep up 
with a fast typist. It tock me quite a while to get used to 
the fact that one or more characters I had typed, 
especially when [ was using multiple deletes to back- 
space/erase to an earlier point on a line, had already been 
entered in the file, but were still waiting to appear on the 
screen. There are commands іп MINCE's repertory that I 
can use to get around this particular problem. But I ex- 
pect characters to appear as soon as I type them, and 
MINCE simply can't accommodate me. 

MINCE is also siow in performing certain updating 
functions. For example, it starts a new "page" after the 
user types past the last visible line on the screen. Many 
other editors simply scroll the previous text up one line, 
which is simpler than removing a whole page and replac- 
ing it with a new one because scrolling can be performed 
by the terminal hardware, All the editor has to do, then, 
is keep track of which lines are still visible on the screen, 
You can keep typing while MINCE figures out what to do 
next, and anything you type will eventually be displayed. 
But it may take several seconds before that happens. 
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NEW! 
LEARNING WITH 
COMPUTERS Bork 

A comprehensive overview for 
using the computer as a teaching 
device to build a more responsive 
learning environment, 
1981, hardbound, 300 pages, 528.00 


NEW! 

THE THEORY AND PRACTICE 

OF RELIABLE SYSTEM 

DESIGN Siewiorek and Swarz 
Shows how to combine 

economics with design and cost 

modeling with reliability modeling in 

hardware system design. 

1981, hardbound, 700 pages, 545.00 


COMPUTER ENGINEERING: A 

DEC View of Hardware 

Systems Design 

Bell, Mudge and McNamara 
Shows how evolving 

technologies, marketplace 

economics, and manufacturing costs 

intluence computer engineering. 

1978, hardbound, 585 pages, $26.00 


COMPUTER PROGRAMMING 
AND ARCHITECTURE: The 
VAX-11 Levy und Eckhouse, Jr. 
Focusing on the VAX-11, this 
unique book offers a comprehensive 
system viewpoint to the 
proyramming and organization of 
(oday's computers. 
1980, hardbound, 407 pages, $25.00 


DATA PROCESSING 
TECHNOLOGY AND 
ECONOMICS, Second Edition 
Phister, lr. 

Cumplete coverage of DP 
operating costs, programming costs, 
system and software performance 
and reliability, time sharing 
economics, and more, (Co-published 
with Santa Monica Pub. Co.) 

1979, 720 pages, hardbound 545.00; 
paperbound $30.00 


EARLY BRITISH COMPUTERS, 
The Story of Vintage Computers 
and the People Who Built Them 
Lavington 

Closely examines such 
landmark projects as the first 
working stored-program computer, 
the first commercially available 
computer, and the first transistorized 
computer. (Co-published with 
Manchester Univ. Press) 
1980, paperbound, 140 pages, $8.00 


We change the way 
the world thinks. 
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NEW! 
From ENIAC To UNIVAC: An 
Appraisal of the Eckert-Mauchly 
Computers Stern 

Examines the pioneering 
achievements of J. Presper Eckert 
and John W. Mauchly: the ENIAC. 
the EDVAC, the BINAC, and the 
UNIVAC. 
1981, hardbound, 286 pages, $21.00 


NEW! 
INTRODUCTION ТО 
DECSYSTEM-20 ASSEMBLY 
LANGUAGE PROGRAMMING 
Gorin 

Examines the instruction set, 
assembly language, applications and 
application techniques, and system 
features of the DECSYSTEM-20, 
1981, paperbound, 576 pages, 535.00 


ENGINEERING INTELLIGENT 
SYSTEMS: Concepts, Theory, 
and Applications 
Glorioso and Colin Osorio 

From fundamentals through 
advanced industrial applications, this 
book brings together the key 
elements tor designing safe. 
practical, cost-effective intelligent 
systems. 
1980, hardbound, 472 pages, 927.00 


PROJECT WHIRLWIND, The 
History of a Pioneer Computer 
Redmond and Smith 

The technological traditions, the 
research and development policies 
and practices, the funding crises, and 
the management techniques that 
went into this innovative engineering 
triumph. 
1980, hardbound, 280 pages, $21.00 


TECHNICAL ASPECTS OF 
DATA COMMUNICATION 
McNamara 

A practical approach to the 
nuts-and-bolts problems and 
solutions in configuring 
communications systems. 
1977, hardbound, 387 pages, 526.00 


TEX and METAFONT, New 
Directions in Typesetting 
Knuth 

Details TEX, a technical 
typeselling system, and 
METAFONT, a system tor the 
precise design of alphabets. 
(Co-published with American 
Mathematical Society) 
1979, paperbaund, 360 pages, $12.00 


I suspect the slowness is а by-product of two of 
MINCE's undeniable virtues: the way it was written and 
the way it updates the screen. MINCE was written in the 
high-level language C, a general-purpose language devel- 
oped at Bell Laboratories that is often used for system- 
level programming (see "The BDS C Compiler” by 
Christopher Kern in June 1981 BYTE, page 356). Since it 
js written in a high-level language rather than in an 
assembly language, MINCE is easy to transport to other 
processors. This portability means that as long as 
MINCE's authors stay in business, someone who buys 
new hardware is likely to be able to buy a version of 
MINCE to run on it. (Perhaps those responsible for 
MINCE will publish their source code if their business 
goes under.) But the use of a high-level language on an 
8-bit microcomputer inevitably imposes a considerable 
penalty in speed. 

To update the screen, MINCE uses standard cursor 
positioning facilities rather than the idiosyncratic hard- 
ware page editing capabilities available on some smart 
terminals, This means that the editor will run on just 
about any terminal or stand-alone computer system 
available. It takes time, however, to move a cursor 
around and to update a display serially, even if the ter- 
minal is running, as mine is, at 9600 bps (bits per second). 


Text Swapping 
Another problem with MINCE is that it swaps parts of 


DISKETTE 
COPY SERVICE 


= Allenbach Industries 
4322 Manchester Ave. Olivenhain, СА 92024 
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the file between main memory and disk during long 
pauses between keyboard entries. In the long run, this is 
to the user’s advantage: performing this operation while 


At a Glance 


Name of Software 
MINCE (MINCE Is Not 
Complete EMACS) 
Type 

Text editor 


Manufacturer 
Mark of the Unicorn 
POB 423 

Arlington MA 02174 
(617) 489-1387 


Price 
$125 


Format 
8-inch, IBM format soft- 
sector disks; other formats 


by arrangement 


Language Used 
BOBO-family machine 


language 


Computer Needed 
8080-family computer run- 
ning Digital Research's 
CP/M operating system 
with at least 48 K bytes of 
system memory and floppy- 
disk mass storage 


Documentation 

52-page user guide; 

5-page installation guide; 
46 pages of tutorial in- 
troduction (also included as 
files on distribution disk) 


Audience 
CP/M users requiring a 
video terminal text editor 


de 
| 


EY 
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GUARANIEED RELIABLE 


FOR 2 FULL 


Unprecedented product reliability deserves an 
unprecedented warranty. IMS International 
provides its dealers with both. 


Our commitment is real. 


We are so confident that our products are the 
industry standard in reliability, we stand behind 
them for two full years from date-of-sale to the 
end user. All IMS manufactured products are 
covered. 


The success of our dealers will insure our 
continued growth. That's why [MS International 
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YEARS. 


is committed to providing every IMS dealer with 
these distinct advantages in today's marketplace: 

® 2 year warranty 

e Low retail cost 

e Best margins in the industry 

e l'rotected territories 

e Full factory technical support 

e Complete system delivery in 30 days 

e Comprehensive advertising and promotional 

support 


For more information about IMS International's 


"Reliables" and our unique dealer plan, call 
714/978-6966 or write us: 


НАД 2800 Lockheed Way 
| \ / ) Carson City, NV 89701 
INTEANATIONAL Telex: 910-395-6051 
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the keyboard is inactive means that less disk swapping 
will be necessary at a time when the user is more active 
and when text swapping would really slow him down. 
But even though each swapping operation only takes 
about a second, I found the sudden onset of disk activity 
disconcerting. Fortunately, MINCE's configuration pro- 
gram allows the user to set the time delay between the last 
keyboard entry and the start of the swapping operation. 
MINCE's authors recommend а four-second pause. 1 
found a twenty-second delay more to my liking. 

MINCE is a large editor not only in the number and 
variety of its available commands, but also in its require- 
ments for disk space. The editor proper requires 30 K 
bytes. During operation, MINCE must have a swap file 
available to provide space for those portions of the file(s) 
being edited that don't fit in the host system's available 
semiconductor memory, MINCE's authors say a 24 K- 
byte swap file is the workable minimum and recommend 
а 64 K-byte swap file. [ evaluated MINCE and wrote this 
review using a 32 K-byte swap file with no serious ef- 
fects, although 1 did have to juggle my reference files as 
the article grew in size. (Files not currently being used can 
be dropped, thus freeing space in the swap file for active 
files.) 


Configuration and Documentation 

Selecting the size of the swap file, notifying MINCE of 
the characteristics of the host system's terminal, and 
other required set-up operations are performed by a con- 
figuration program that is very easy to use. The configu- 
ration program comes equipped with the necessary infor- 
mation for the terminals most commonly encountered in 
microcomputer systems, and it accepts user-supplied in- 
formation for the less common ones. The whole configu- 
ration process is menu-driven and provides ample oppor- 
tunities to correct errors or simply change one's mind. 

MINCE's documentation is excellent. The user manual 
is well organized and crisply written. In addition, two 


tutorial introductions to MINCE are supplied. One is de- 
signed for more experienced programmers, and the other 
is designed for the uninitiated computer user. In practice, 
I think the programmers' tutorial would suffice for any- 
one who has ever used a text editor on a computer. The 
general-users tutorial claims to require nothing more 
than knowing how to type and how to log onto the host 
computer system—a claim that appears to be true. The 
first eight-page lesson introduces the trainee, step-by-ex- 
cruciating-step, to such mysteries as how to use the delete 
key to erase the previous character, how to move the cur- 
sor forward and backward, and how to quit the editor 
when he is finished. (But, it does not explain how to write 
a file to disk—that is left for another lesson). 

The tutorials don't pretend to cover all of MINCE's fea- 
tures, but anyone who is willing to work his way through 
them will certainly learn how to use the editor in at least a 
minimal fashion. Most of the tutorial material is pro- 
vided on disk files as well as in hard-copy form, and 
many of the exercises call for the user to edit the tutorial 
he is working from. I found some of the prose in the 
tutorials a bit cloying; the exercises provided a conve- 
nient remedy. 


Conclusions 
€ MINCE has a large, well-planned command repertory. 
А user needs to learn only a small subset of the available 
commands to operate the editor; others сап be learned as 
his requirements grow. 

® MINCE permits multiple files to be viewed and edited— 
a real convenience. Two files may be viewed simulta- 
neously on a split screen. 

€ MINCE is slow in updating the videa display, both 
during user input and during cursor movement across 
pages (video screens). The use of a swap file also slows 
editing down and results in unexpected disk activity. 

ә MINCE is well documented. Tutorial introductions to 
the editor help even the novice get started easily. m 
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Programming Quickies 


Changing a BASIC FOR... NEXT 
Loop into a REPEAT . . . UNTIL Loop 


James А Maiorana 
с/о BYTE Publications 
POB 372 
Hancock NH 03449 


When you program in BASIC, it is often necessary to 
construct the functional equivalent of a REPEAT ... 
UNTIL loop. To do this, many programmers try using a 
GOTO statement, but, in long programs, many GOTOs 
make the program run slowly. А РОК... NEXT loop, 
however, can be modified to provide the desired func- 
tion, without any GOTOs. In many BASIC programs, 
executing a GOTO means searching the program text to 
find the correct line number, whereas finding a FOR , . . 
NEXT loop is done directly by a pointer. I use the follow- 
ing technique in Apple BASIC, and find that it works cor- 
rectly and produces faster-running programs. 


Just our litte efor to remove some of the vast canfusion 

from 1E data река word pracassing and office producls worid. You 
cán match up hardware model numbers with disc cartridges, disc packs, 
or diskette model numbers. 


Send for our free 145-page guide. One handy meamna WHAT 
book covers entira DP and Industry usage FITS 


al magnatic memory media. How сап усо бо р = WHAT 
o— "BOOK 


withoul it? 


NASHUA 


COMPUTER PRODUCTS DIVISION 
Nashua Corporation, Nashua, NH 03061 


We make everything to fit anything 


(ELEIPHOME 
How Ешки ұм New Tons 1/54 1555 
Ені rd Нн Мазаһеда (EOD) НІМ 1720 
Ұй cel at Қ кала» OU 258 1340 
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In the following examples, loop-body is a block of code 
and condition is an arithmetic expression, Ordinarily, 
condition will be a Boolean expression with 0 equivalent 
to false and 1 to true. 

The first construct uses a dummy variable D: 


10 FOR D = Otol 
20 loop-body 

30 D = condition 
40 NEXT D 


This code has precisely the same effect as: 
REPEAT !oop-body UNTIL condition 
Here is an example of the technique: 


10 FOR D = 0 TO 1 

20 INPUT " GUESS MY NUMBER ", G 
30 D = (С = M) 

40 NEXT D 


This program continues to ask for a number G until G 
is equal to an internal parameter, M. Here loop-body is 
line 20, while condition is the logical expression ( G = 
M ) . When С is not equal to M, line 30 sets D to 0. Line 
40 increments D to 1, and branches back to line 10. When 
G equals M, line 30 sets D to 1. Line 40 then increments D 
to 2, and the loop terminates. 

This code may have to be modified for your system. A 
quick survey of several BASICs showed that some inter- 
preters return a value of —1 in the variable D when the 
condition in line 30 is met. (TRS-80 Level II and Texas In- 
struments BASIC give a —1 for true logical comparisons, 
while Applesoft, Integer, and Atari BASIC give a +1.) 
Modifying line 10 to allow Юг this results in an 
equivalent REPEAT . . . UNTIL function: 


10 FOR D = 0 TO —1 STEP —1 


One of these techniques should work on your BASIC 
interpreter. 8 
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POWER-ONE | 
D.C. POWER SUPPLIES 


Our customers select their favorite models 


The choice wasn't easy. Not with 105 open frame 
linears and a full switcher line to choose from. Still, 
the top models of the past year — proudly pictured 
below — have been named. 

Actually, this is à statement of Power-One's most 
popular D.C. power supplies — as determined by our 
customers. Obviously, applications vary widely, from 


small flopples and micro-computers to large main- 
frame systems. 

But one thing they all have іп common. They're built 
by Power-One. Which means the most reliable power 
supplies available, at the lowest cost possible. 

So take a look at our entire line. Send for our new 
1981 Catalog and Facilities Brochure for details. 


Switchers 


Hi-Tech Design 
High Efficiency - 75% min. 
Compact/Light Weight 
115/230 VAC Input 
20 msec Hold-up 
Totally Enclosed 
Packaging 
Two Year Warrantee 

« 24 Hour Burn-in 


Disk-Drive 


Powers Most Popular 
Drives 

7 "ОН the Shelf" Models 
Powers Drives & Controller 
UL & CSA Recognized 
115/230 VAC Input 


Open-Frame Linear 


* Industry Standard 
Packages 
115/230 VAC Input 
+ .05% Regulation 
Two Year Warrantee 
UL & CSA Recognized 
Industry's Best Power/Cost 
Ratio 


DUAL OUTPUT 
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%15У @ 1.5A 


HBB15-1.5 : $49.95 


SINGLE OUTPUT 
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5У to 24V Models 


SD, 60W : $115.00 
SF, 100W : $170.00 
SK, 200W : $250.00 


94” FLOPPY SUPPLIES 


CP340, 1 Drive : $44.95 
CP323, Up to 4 Drivars : $74.95 


SINGLE DUTPUT 


15V 2 1.5A 
HB Saries : $24.85 


5V @ 2A 
ix 9V to x15V 2 0.4A 


HTAA-16W : $49.95 


MULTIPLE OUTPUT 
150 Watts 


TUE 


шш! 


-12V ФЗА 
БУ to 24V @ 3.5A 
User Selactable 


SHQ-150W ; $295.00 


8.0" FLOPPY SUPPLIES 


ЗУ @ 20A 
12V @ 5А 


CP205, 1 Drive : $69.95 
СР206, 2 Drives : $91.95 
CP162, Up to 4 Drives ; $120.00 


24V @ 2.4A 
12V @ 3.44 28V @ 2.0A 
15V @ 2.04 48У @ 1.0A 


HG Series : $44.95 to $49.95 
TRIPLE OUTPUT 


т 


+ 12V @ 1А or 
+ 15У qp 0.8A 


| HBAA-40W ; $69.95 


NEW '81 CATALOG & 


FACILITIES BROCHURE 


ӨРПШЕГ-ППЕ 


Get your free copies now! 
Phone or write us direct, or сіггів the 


reader sarvice number 


ILU. РПШЕГ SUPPLIES 


PFM-1 : $24.95 


QUME PRINTER SUPPLY 


5V @ 10A 
t15V @ 4.БАЛФА Peak 


| SP305 : $345.00 


WINCHESTER SUPPLIES 


2 Models to Power any 
Manufacturer's Drive 


+ 12V @ 1.04 or 
+ 15У @ 0.8A 


HAA15-0.8 : $39.95 


POWER FAIL MONITORS 


* Indicates pending е: 


system power loss. 

» Monitors AC line and 
DC outputs. 

* Allows for orderly data- 
save procedures 


PFM-2 ; $39.95 


Power One Drive • Camarillo, CA 93010 » (805) 484-2806 • (805) 987-3891 « TWX 910-336-1297 
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Artificial Intelligence 


What is intelligence? This question 
has inspired great works for cen- 
turies, [t has furrowed the learned 
brows of philosophers, psychologists, 
theologians, and neurophysicists as 
they have sought, in different ways, 
to find the answer, Until recently, the 
question has remained more or less 
outside the domain of technology. 
Only in science fiction has the notion 
of intelligence applied to machines. 

But man is a restless creature— 
thanks to his intelligence—and has a 
remarkable propensity for tool- 
building. The physical limitations of 
the human body are overcome daily 
with the use of man-made tools: bull- 
dozers, microscopes, telephones, 
pens, and thousands of other devices, 
Very near the top of any list of tools 
must be the computer. 

Computers, a5 most people know 
and love them, are hardly worthy of 


About the Author 

Steuen K Roberts is a free-lance writer and 
microprocessor-systems consultant living in 
Dublin, Ohio. He is the author of Micramatics 
(published by Scelbi Publications) and in- 
dustrial Design with Microcomputers (to be 
published in early 1982 by Prentice-Hall). 

Research for this article included attendance 
at the First International Conference on Arti- 
ficial Intelligence, held at Stanford University 
in August 1980. 
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Steven K Roberts 
5885 Dublin Rd 
Dublin OH 43017 


the term “intelligence.” At best, they 
are fast and reliable (but abysmally 
stupid) machines that take very pre- 
cisely defined tasks and tirelessly per- 
form them over and over. This, of 
course, makes them invaluable in a 
fast-paced technological society such 


Simply providing access 
to the large body of 
knowledge now 
avallable 15 a great 
problem. 


as ours, for we have become addicted 
to freedom from boring repetitive 
mental drudgery. (When was the last 
time you calculated a square root the 
old-fashioned pencil-and-paper 
way?) But for all their usefulness in 
assisting our many and varied efforts, 
computers are still absolutely unin- 
spired contraptions. 

In addition to being incurable tool- 
builders, mankind also has a passion 
for information—lots of it. There 
seerns to be no end to the exponential 
growth of human knowledge (it's cur- 
rently expanding at the approximate 
rate of 200,000,000 words per hour). 
On countless subjects ranging from 
the weather to the ills of our flesh, 


from computer design to the tech- 
nology of war, mankind has accumu- 
lated such masses of information that 
only the narrowest of specialists in 
any field can truly claim to be an ex- 
pert. 

This, however, creates problems, 
because now that we һауе all this in- 
formation, we need to use it. The ob- 
vious difficulty is simply providing 
access to such a large library of 
knowledge: a person attempting to 
locate опе small fact сап easily 
become bogged down in searching if 
the library is not extremely well 
organized and cross-referenced. A 
less obvious problem is the continual 
addition of new knowledge to the 
library without creating а night- 
marish jumble of patches and out- 
dated material. 

The sheer quantity of information 
involved in such an effort cries out 
for a computer solution. After all, 
hardware can be purchased off the 
shelf that provides literally billions of 
words of data storage— certainly 
enough for most "task-specific" infor- 
mation domains. But here we can see 
the need for something other than 
traditional data-processing tech- 
niques. (For an example of informa- 
tion storage using traditional tech- 
niques, see “Information Unlimited: 
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NORSEA & 
DYNABYTE 

NORSEA sells only one microcomputer 
range, and that's Dynabyte. We are fully 
experienced in its applications and 
support. NORSEA was first to install 
Dynabyte’s Multi-user Business Mana 
software in Winchester systems for end- 
user applications. Get the best buys on 
Dynabyte products from NORSEA, 

and get our experience. 


DYNABYTE 
PERFORMANCE 
Incomparable quality, superior software 
support, and the widest range of micro- 
computer systems in the industry make 
Dynabyte the leader. And check out these 
standard features: Real time clock, 10 
Interval Timers, 8 Levels of Vectored 
Interrupts, Jump Start, 2 Serial and 1 
Parallel ports, and 64K RAM expandable 
to | 


HARD DISK 
SUBSYSTEMS 

(Can be daisy chained for up to 104 MB 
of Storage) 

Formatted with S-100 Controller, PSU 


and Cabinet. 

М10-10МВ-8” $2,995 
3,830 
3,995 


М20-20МВ-8” 
M26-26MB-14" | 3,9 

Subsystems also available in OEM stripped 
down versions. 


PERIPHERALS 

Televideo 950 8 949 
Starwriter I 1,599 
Starwriter II 1,799 
DataSouth DS-180 1,399 
Tally T-1705 1,799 
Dataproducts M-200 2,099 
SOFTWARE 


Full range of assemblers, languages and 
application software at discount prices. 
TERMS 

All prices quoted prepaid and FOB point 
of origin. Prices are subject to change 
without prior notice. Call or write for 
detail terms. 

IRADEMARKS 

Business Manager by Dynabyte CP/M by 
Digital Research Starwriter by C. Itoh. 


DYNABYTE 
COMPUTERS 


5100-A2 Microcomputer only, with 64K. 
RAM, 3 ПО Ports. 


List 53,395 Net $2,375 
5200-A2 Dual 5% "-630КВ 

List $4,595 Net $3,395 
5300-B2 Dual 8" double density 
floppies-2M à 
List $6,995 Net $4,995 


5615-А1 11MB Winchester and 8” double 


density floppy. 
List ЖЕ Net $8,995 
5615-B1 23MB Winchester and 8" double 


density floppy. 
List $13,495 Net $9,995 
5615-СІ 45МВ Winchester and 8" double 


densi Sopp y. 
List $15.4 Net $10,995 
Systems also available with tape cartrid 


backup and cartridge disk drives at simi 
savings. Call for details. 

SINGLE BOARD 

CP/M SYSTEM $750 
Single card 81% by 12 inches by 
NorControl with 8085 CPU (JUMHa), 
64K RAM, 3 each RS-232 ШО ports, 


controller running one to four single or 
double sided 8” floppy drives, 2K EPROM 
for bootstrap and monitor. Select our 
CP/M 2.2 for single or double sided drives, 
Assembled, tested and burned in for one 
week! PSU not included. OEM discounts 
available. 


МС-85 Single Board Computer 8750 


Technical Manual $ 15 
CP/M 2.2 Single sided $150 
CP/M 2.2 Double sided $180 


30% DISCOUNT 


NORSEA, a worldwide distributor of Dynabyte systems, is now offering 25 to 3096 discounts 
to domestic as well as export customers. Further volume discounts negotiable. 


INCREDIBLE 
PACKAGE PRICES! 
NORSEA has assembled the following 
special system packages for additional 
savings: 
NOR-8020 System 
Dynabyte 5300-B2 with Dua! 8" double 
density, 64K RAM, 2 serial - 1 parallel 
ps Tally T-1705 Professional 160 
atrix Printer. Televideo 950 smart 
terminal. CP/M 2.2 included! 


List $10,435 Net $7,695 
NOR-8111 System 
Dynabyte 5615-A1 with 11MB Win- 


chester and 8" double density floppy. As 
above with Ty rinter, Televideo 950 
terminal and C M 2.2! 

List $15,435 Net $11,695 
EXPORTS 

NORSEA specializes in the export of 
Dynabyte microcomputers and a selected 
range of high quality peripherals. We are 
experienced in international trading and 
we pride ourselves on fast and courteous 
service at the lowest prices possible. 


FOREIGN 
DISTRIBUTORS 
WANTED 


NORSEA is seeking distributors all around 
the world for exceptional opportunities 
with Dynabyte and other quality 
NORSEA selected products. 

Wir sprechen deutsch. 

Nous parlons francais. 

Hablamos espanol. 


Vi snakker norsk, svensk og dansk. 


To Order Call 
(203) 775-0438 / 775-4465 
or Telex 969638 


299 
NORSEA 


DATA CORPORATION 
U.S. Route 7, Brookfield 
Connecticut 06804 U.S.A. 
IN CANADA: 
NORSEA DATA PARTNERS 
MISSISSAUGA, ONT. 


The Dialog Information Retrieval 
Service," by Stan Miastkowski, June 
1981 BYTE, page 88.) 


Types of Knowledge 

Knowledge about almost anything 
can be split into two major classifica- 
tions: factual and heuristic. Factual 
knowledge is the most obvious and 
needs little elaboration; it's often 
called "textbook knowledge." The 
heuristic variety, on the other hand, 
is a little harder to store in a com- 
puter, It is the network of intuitions, 
associations, judgment rules, pet 
theories, and general inference prace- 
dures that, in combination with fac- 
tual knowledge about a field, allow 


mankind to exhibit intelligent behav- 
ior. (Further muddying the program- 
ming waters is a higher level of 
knowledge that can be included with- 
in the heuristic category: "meta- 
knowledge," which is concerned with 
general problem-solving strategy and 
such esoterica as awareness of how to 
think.) 

Factual knowledge has been resi- 
dent in computer systems for de- 
cades, Business systems containing 
records of customer, personnel, in- 
ventory, and accounting data typify 
the rather pedestrian uses to which 
the majority of large systems have 
been relegated. If most of the world's 
computers suddenly became  self- 


aware, they would be terribly bored 
with their fates. 

Heuristic knowledge is substantial- 
ly more difficult to represent in a pro- 
gram or data base than simple factual 
data. But any system that is intended 
as a sophisticated information re- 
source must, in some fashion, incor- 
porate this higher level of knowledge, 
if for no other reason than to reduce 
the problem of finding a given piece 
of information to one of manageable 
proportions, 

Suppose, for example, that a sys- 
tem were created to provide physi- 
cians with clinical advice about cer- 
tain infectious diseases. A mere listing 
somewhere in the computer's mem- 


THE FORMULA™ will helo you get the infor- 
mation you need to help run your business. It 
is a ready made set of computer programs 
which can create a customized system for any 
business function: 


е Accounting is as simple as 1, 2, 3 
е Inventories are stock items 

е Mailing lists become a zip 

е Legal forms fit the modus operandi 
Whether you hire a computer professional or 
develop a system yourself, THE FORMULA™ 
will let you spend more time where it will do 


the most good, minding your business. That's 
THE FORMULA™ for success. 


Disk and manual, $595. Manual only, $60. 
THE FORMULA™ will run оп any 8080 or 280 


computer with CP/M* 48K RAM, 300 К total 
disk storage, and a CRT. 


ОМА € WE SPEAK YOUR LANGUAGE. 


Circle 121 on inquiry card. 
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Toll Free Number: 1-800-525-3898 
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Your Computer 

Can Speak with 

an Unlimited 

Vocabulary. 

е Text-to-speech 
algorithm vocally 


reproduces any typed 
entry 


e Unlimited vocabulary 
e Standard RS232C 
interface 


Your computer has a lot 
to talk about. 


This is the advance in computer 
speech synthesis you ve been 


waiting for. Votrax' brings your com- 


puter to life with Туре- М-ТаіК” Now 
you can hear your computer tell you 
where you are in a program; taunt 
you with comments during computer 
games; praise you; remind you; 
warn you. 


Thanks to the unique Votrax' text-to- 
speech algorithm, Type- N-Talk'" 
gives your computer an unlimited 
vocabulary. Your typewritten words 
are automatically translated into 
electronic speech. 


түрт S PARA 


"MTM 


If you can type, your 
computer can talk. 

Because Туре- М-ТаіК”ивев ASCII 
code from your computer s keyboard 
to generate synthesized speech, you 
just enter English text to hear a ver- 
bal response (electronic speech) 
through your audio loudspeaker. For 
example, if you type "H-E-L-L-O' on 
your ASCII keyboard, it will generate 
the spoken word "HELLO. `` 


Type-'N-Talk™ has 
its own memory. 


Even the smallest computer can talk 
and execute programs simultaneous- 
ly. because Type- N-Talk'"has its 
own built-in microprocessor and a 
750 character buffer to hold the 
words you ve typed. Type- N-TalN'" 
doesn t use your host computer 5 
memory or tie it up with text 
translation. 


If you can hardcopy it, 
you can hear it. 


By placing your Type- N-Talk™ 
between your computer or modem 
and a terminal, you can hear all the 
data sent to the terminal! while online. 
Handom-accessed information from а 
remote data base can now be seen 
апа heard, because Type- N-Talk " 
Says it all. 


Type- N-Talk'"has the data switching 
capability that allows you to. de- 
select’ while sending and receiving 
data to and from a terminal Data 
Switching lets you send speech and 
visual data independently on a single 
data channel. 


Interface any way 
you want. 


Special control characters let you 
interface Type- N-Talk "in a variety 
of ways. Unit assignment codes 
allow you to daisy-chain multiple 
Type- N-Talk "units. You can 

also have independent control of 
Type- N-Talk “and your printer by 
using unit addressing codes. 


Connect Type- N-Talk "directly to your 
computer s serial interface and you 
can eliminate the need for additional 
HS-232C ports by connecting ter- 
minals, printers or additional 

Type- N-Talk "units to the first 

Type- N-Talk'" 


Votrax' developed Type- N-Talk "to 
function with operator designed 
programs or with the new Votrax ' 
talking software currently under 
development. Type- Talk” can 
also be used without software 

The Type- N-Talk “unit s simplicity 
enables it to be used by the begin- 
ning hobbyist, yet its total capability 
can challenge the most sophisticated’ 
user 


Now You're Talking 
— just $375.00. 


* Text-to-speech algorithm 
• Aone-watt audio amplifier 


• SC-01 speech synthesizer chip 
(data rate: 70 to 100 bits/sec.) 


е RS-232C interface 
“ Selectable baud rate (75-9600) 


* Selectable data modes for variable 
interfacing 


• Phoneme access modes 

е 750 character buffer 

е Data switching capability 

• Data echo of ASCII characters 


* Complete programming and instal- 
lation instructions 


Type-'N-Talk'" is covered by a limited warranty. 
Write Votrax' for a free copy. 


NOW W YOU'RE TALKING. 


ІТТТҮТІРІНРІІГІ: 
Order now. Toll free. 
1-800-521-1350 
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order or request additional infor- 
mation. MasterCard or Visa 

n accepted. Charge to your credit 
card or send a check for $375.00 

| plus 54.00 delivery. Add 4% sales 

Е tax іл Michigan. California residents ғ 
add appropriate sales tax. 


Send check 10: 
B vorax -Consumer Products Group 
500 Stephenson Hwy., Troy. MI 48084 
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ory and storage of all the known facts 
is essentially useless—the only way 
one could make use of the data would 
be the simplistic matching of a set of 
symptoms against sets of indications 
for each disease. 

This kind of approach is doomed 
from the start: some symptoms are 
less suggestive of certain diseases than 
others. Therefore, the system should 
have the ability to order specific addi- 
tional tests (giving preference to non- 
invasive ones) before attempting a 
diagnosis. Also, the patient's age, en- 
vironment, and medical history must 
be taken into account. Amidst all 
this, there must be the capability of 
ignoring certain facts if they are in- 
consistent with the most strongly sug- 
gested diagnosis—a patient's tennis 
elbow, for example, is probably unre- 
lated to his or her infectious men- 
ingitis. 

If the machine is to be more useful 
than a textbook, it must be able to do 
all these things, as well as provide a 
facility for updating its own informa- 
tion as often as required, In sum- 
mary, it must possess a measure of in- 


telligence., 

Such a system is not mere conjec- 
ture, by the way. One has already 
been created to provide diagnosis and 
therapy selection for two major types 
of diseases: blood infections and men- 
ingitis. Developed at Stanford Uni- 
versity by doctors Bruce Buchanan 
and Edward Shortliffe, the program, 
called MYCIN, has outperformed 
human diagnosticians in the identifi- 
cation and treatment of diseases in 
this class, not only through its accu- 
racy in pinpointing the pathogen, but 
in its avoidance of overprescribing 
treatment. 

This last accomplishment is espe- 
cially noteworthy, because the stan- 
dard clinical approach to an un- 
known disease involves a broad-spec- 
trum antibiotic attack on a wide 
variety of possibilities. This not only 
exposes the patient to potential toxic 
effects, but encourages the develop- 
ment of drug-resistant bacterial 


strains. (А recent Stanford University 
study revealed that one of every four 
persons in the United States received 
penicillin under a doctor's orders in 
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1977 and that nearly 90% of these 
prescriptions were unnecessary.) 


А Technology Is Born 

For all of these reasons, along with 
many others ranging from the inade- 
quacy of standard programming tech- 
niques to the sheer joy of research, 
computer science has spawned a new 
discipline: artificial intelligence (AI). 

Actually, AI is not all that new: 
some of the foundations that underlie 
today's work were laid in the late 
1940s and early 1950s by Alan 
Turing, whose "imitation game" (to- 
day called the "Turing Test") is still 
considered a valid method for deter- 
mining whether or not a machine 15 
intelligent. In essence, the Turing Test 
consists of an interrogator communi- 
cating via teleprinters with a human 
and a computer, The interrogator can 
attempt in any way possible to deter- 
mine which is which through conver- 
sation over the communication links. 

At first glance, it might seem that 
the examiner could easily tell the dif- 
ference by asking such questions as, 
"What is 35,289 divided by 91171" 
The human would presumably chew 


| on it for a while, and the computer 


would instantly spit back an answer 
correct to twelve digits. The flaw in 
this kind of thinking is that the 
human might have an electronic cal- 
culater in his pocket and the com- 
puter, if indeed intelligent (and 
devious), might give a slow and er- 
roneous answer just to fool the inter- 
гораюг. Also, the computer might be 
unable to calculate as rapidly as we 
would expect, since much of what we 
call intelligence involves the storage 
of information in a relatively abstract 
and very symbolic form. It is possible 
that such a machine would have to go 
through a set of thought processes not 
markedly different from ours to do 
mathematical calculations, though 
for the sake of convenience, it would 
probably have a built-in "calculator." 

Turings work in this area was 
strangely prophetic and, for the con- 
servative 1950s, somewhat radical. 
He wrote, "I believe that at the end of 
the century the use of words and 
general educated opinion will have 
altered so much that one will be able 
to speak of machines thinking with- 


The Westico Software Review Committee 
Is easy to recognize. It's thelr red- 
rimmed eyes. You get that way 
checking through an endless 
parade of software programs, 
And they do it so that you 
don't have їо. But selecting 
good software is only part 
of what makes Westico one 
of the fastest growing com- 
panies in the software industry. 


support. We offer our unique 24-hour 
service overnight! Westico. We're 
working hard to be your software 
company. 
i å- r 
(300 baud) (203) 853-0816 
for detailed program Information 
and quick access ordering. 
—A full range of professional 
re. 
— Support fora wide varlety of CP/M* 


LYNX, a friendly overlay linker. 


LYNX is an overlay linker for creating 
executable programs from relocatable 
files produced by Microsoft's FORTRAN, 
| COBOL and MACRO-80 languages. 


LYNX allows the construction of pro- 
grams that use all available memory 
including that used by LYNX itself. Maxi- 
mum size programs under Microsoft's 
|80 linker can be increased at least 
9K using LYNX without overlays. 


The overlay capability of LYNX Is vital for 
programs larger than available memory. 
With overlays, many large programs on 
minicomputers or large mainframe 
computers can be easily moved to a 
microcomputer. 


LYNX offers many features not found in 
(80. For example, LYNX сап be told to 
get commands from a disk file. The 
"HELP" feature displays a complete list 
of LYNX commands. Mapping informa- 
tion can be sent to the screen, printer or 
disk flies. LYNX can decode Microsoft 
REL files for inspection. 


LYNX uses overlays іп о tree structure. 
Any routine is available to any overlay 
that is higher on fhe branch than 1he 
routine itself. 


Complete system with documentation 
5250, Documentation alone $25. 


Send for FREE catalog. 


А and hardware Is another. But Westico 
offers more than quality products and 


TWO MORE GREAT PROGRAMS FROM WESTICO 


Having experts on staff who 
really understand both software 


and other computer systems, In- 
cluding: TRS-80 Model |, Apple, 
Vector Graphic, Cromemco, North 
Star Micropolis, Ohio Scientific, 
Altos, Dynabyte, SuperBrain, Xerox, 
Zenith and mora. 


Now 1! makes sense to MINCE words. 


MINCE is а full screen editor based on 
the “Emacs” text editor developed after 
years of research in editor technology 
and user interface at МТ and other uni- 
versities. With MINCE you can edit several 
files simultaneously, allowing the text to 
be moved between the files. The screen 
can be divided to display any two files 
or two parts of the same file с! one 
time. Text can be manipulated by the 
word, sentence or paragraph, as well 
os character line and entire screen with 
simple, easy-to-remember commands. 


MINCE automatically adjusts line length 
to margins as the text is entered. Com- 
mands change words to UPPERcase, 
lowerCASE or Capitalize. The MINCE 
unique “query replace" allows global 
changes to be “tied-out” ond then 
accepted or rejected. Lines can be cen- 
tered, “white space" removed and text 
then inserted or overwritten. MINCE is as 
powerful an editor for programmers as it 
is for creating documents. MINCE fea- 
tures “type ahead" and a status line 
which constantly displays: editing mode, 
the files being edited, the curent posi- 
tion in the file, the flle modification — if 
any, the state of the "save" buffer and 
the command curentiy being executed, 
Complete system with documentation 
— $175. Documentation alone — $25, 


Dealer inquires Invited. 


WESTICO 


The Software Express Service 
25 Van Zant Street e Norwalk, Connecticut 06855 
(203) 853-6880 е Telex 643-788 


Copyright © 1961 Westico, Inc. 
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out expecting to be contradicted.” 

Once again, technological progress 
is ahead of schedule—maybe. One of 
the distinguishing and provocative 
features of Al is that newer and ever 
more complex problems lurk behind 
each breakthrough. Most technol- 
ogies reach maturity when progress 
becomes asymptotic: continued effort 
brings us closer and closer to the 
limits of what is possible but at an 
ever slower rate. (An example of this 
is the ongoing effort to make elec- 
tronic logic devices switch faster. The 
time it takes for electrons to move 
from one place to another defines an 
immutable speed limit, and future 
performance increases must come 
from another source.) AI doesn't 
seem to have such a limit, or if it 
does, it is (by definition) even further 
removed from our present compre- 
hension than a complete picture of 
how the brain works. 

This limitlessness makes AI, for 
many people, the most enchanting 
field of endeavor іп the vast panoply 
of research fields. In the thirty years 
since Turing wrote his prophetic 
words, AI has grown from an esoteric 
part-time pursuit of a few visionaries 
to a full-fledged science, replete with 
subspecialties, societies, annual inter- 
national conferences, and journals. 
Its existence is beginning to be felt 
outside acadernia, and in a few years, 
the computer as we know it is likely 
to be dramatically transformed. 


Work in Progress 

There are a number of robust sub- 
specialties in the world of artificial in- 
telligence, dealing not only with 
various applications but with several 
problems that must be simultaneous- 
ly overcome for the dreams of Turing 
and many others to be fullfilled, The 
two central problems are so closely 
intertwined that they can be discussed 
together: knowledge representation 
and natural language. 

Consider the following conversa- 
tion: 


He: “Hungry?” 

She: "I have a coupon for 
McDonald's." 

He: "Have you seen my keys?" 

She: "Look on the dresser." 
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YOU CAN SAVE — m 
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М.Т. 
MOD Ш 


Now You Can Save 
$500 over comparable model. 


31998 


We have taken the basic 16K Model Ill expanded 
the memory to 48K and added our МЛ Double 
Density, Dual Disk Drive system. System is fully 
compatible with Radio Shack DOS and peripherals. 


MOD III/EXPANDED 


Same as above but has double storage capacity 
(708K storage). Your choice of 2 dual headed 40 
track drives or 2 single headed 80 тоск disk drives. 
Includes Microsystems DOS plus 3.3 


92499 


MOD 11/280 


Our largest MOD ||, approximately 1.5 bytes 
of storage, utilizes 2 dual headed 80 mock, double 
density disk drives. Complete with manuals and 


professional operating systern, Microsystems DOS 
plus 3.3 (40 G 80 80 то capability). 


22799 
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There are some very sophisticated 
information-processing operations 
going on here. In this dialogue, most 
of the real meaning—the real com- 
munication—is not explicitly stated. 
He opens by inquiring whether she is 
hungry and, in the process, is prob- 
ably implying that he is hungry as 
well, She processes this and issues a 
very cryptic response. Not only does 
she inform him that she is either 
hungry or willing to go along for a 
ride, but also suggests a specific place 
to eat and, further, hints at economic 
realities by weighting the selection of 
a restaurant on the basis of a discount 
coupon, Her statement assumes that 
he will understand what a coupon is 
as well as what a McDonald's is. His 
next question indicates even deeper 
communication: he has agreed with 
her about the choice of restaurant and 
suggests a specific mode of transpor- 
tation. This suggestion, however, is 
made in a roundabout fashion: he 
asks if she knows where his keys are 
at the moment, assuming that she 
knows not only what keys are but 
that they are linked with transporta- 
tion, She, of course, understands that 
the keys he's talking about are those 
of his automobile and suggests a 
course of action that will solve the 
transportation problem —correctly 
assuming that he will not only know 
which dresser she means, and that a 
dresser is a piece of furniture, but that 
he will deduce that the keys must be 
there. 

The implication is that communica- 
tion between two people involves 
substantially more than the lexical 
meanings of the words. The conver- 
sation above would not have been so 
succinct if he had approached a 
stranger on Ше street with the same 
question. The difference suggests the 
existence of a special relationship be- 
tween he and she: they share certain 
aspects of their internal models of the 
world. 

This highlights a crucial truth: lan- 
guage has to be considered as only 
one part of a much more complex 
communication process, one in which 
the knowledge and states of mind of 
the participants аге as much responsi- 
ble for the interpretation of verbal ut- 
terances as are the words from which 
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those utterances are formed. As a 
conversation progresses, the internal 
state of each participant continually 
changes to represent the modified 
reality that is the result of the com- 
munication. 

(Frequently, problems occur be- 
tween people when their respective 
internal models of the world differ 
sharply. "1 had to work late,” can be 
interpreted in a drastically different 
way from that intended by the 
speaker.) 

When one attempts to build an in- 
telligent machine, the complexities in- 
troduced by this larger view of сот- 
munication can be surprising. Early 
systems were developed without a 
clear awareness of the problem and 
were constructed of a stored body of 
facts with associated keywords that 
were used (eg: Joseph Weizenbaum's 
ELIZA program) to scan the input 
messages, Whenever there was a 
match, sets of specific rules were in- 
voked to produce a response based on 
both the system's knowledge and the 
keywords it had located. No atten- 
tion was given to the actual meaning 
of the sentences, just to the presence 
of certain words. Such systems quick- 
ly fail the Turing test, 

As time went on, it was recognized 
that the communication problem is 
interwoven with knowledge itself. In 
the mid-1960s, programs were devel- 
oped to translate input sentences into 
an internal formal language that, 
theoretically, would allow the system 
to perform inferences without need- 
ing to handle all the subtleties of or- 
dinary conversation. But the knowl- 
edge and the meanings of words were 
still represented as passive data "ob- 
jects" distinct from the program itself. 
Thus, it was difficult for any but the 
most rudimentary changes to occur in 
the system's internal model of the 
world. 

Recently, a different approach has 
begun to show promise, Instead of 
clear differentiation between the “in- 
telligent program" and the knowl* 
edge, the programs actually embody 
the knowledge in their structure. 
With the existence of powerful AI 
languages (such as LISP), it is possible 
for the system to learn and grow by 
modifying itself. 
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CASH FLOW 
PROBLEMS? 


ITS NICE TO KNOW SOMEONE 
WHO HAS THE SOLUTION. 


ee is your Solution 
Store . . . that means at 


of time-saving computer- 
ized business systems 
designed specifically to 
solve the daily cash flow 
problems every business- 
man faces. 


MicroAge has computer- 
ized business systems that 
quickly and affordably allow you to regain con- 
trol of your critical accounts receivable ...at last 
making it possible for you to carry out effective 
collection procedures on a consistent basis. 
MicroAge has accounts receivable program 

fo automatically display and update 
account information; prepare trial balance 
including a balance-due and delinquency aging 
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report, and take care of dozens of other tasks 
that eat into your time and profit! 


Computerized business systems from the Micro- 
Age Computer Store are available in the $5,000 
to $45,000 range, to suit the individual budget of 
your small business or professional practice. 
MicroAge backs up every system with personal- 
ized service, warranty service and repair, instal- 
lation, systems consulting, even customer train- 
ing. Visit the MicroAge Computer Store in your 
area soon with your business problems, and lel 
us help you with the solution. 


computer sTore 


“The Solution Store" ^" 


This all sounds very anthropomor- 
phic, but there is still a vast gulf be- 
tween our minds and even the best of 
the artificially intelligent systems. 
Though we have the technology to 
provide an equivalent amount of raw 
data storage, we may be going about 
it all wrong. 


Serial Versus Parallel 

There are numerous computational 
feats that humans manage to accom- 
plish daily without conscious effort. 
Many of them are still impossible for 
computers, Take pattern recognition, 
for example. When a friend walks in- 
to the room, you can establish his or 
her identity with a casual glance. The 
accuracy of your decision is not 
markedly affected by the set of the 
jaw, the tilt of the head, or disheveled 
hair. 

According to current theories, you 
simply map a preprocessed visual 
image via some feature-extraction 
"hardware" onto a gigantic multidi- 
mensional associative memory. The 
answer pops out, linked with an 
elaborate interna] model of your 


"| have recently used 
Spellguard and | can 
only echo the eval- 
uations of a recent 
Infoworld review: 
excellent all the way." 
| Mark Garetz 
Infoworld 25 
May 1981 


“Spellguard is an 
example of the new 
standard —fully pro- 
fessional microcomputer 
software.” 

Bill Burns 

Infoworld 30 March 
1981 


" , .. Spellguard was 
а {һе manuscript 
4 


able to discover 
numerous typographical 


friend. Big deal. 

А computer, on the other hand, 
has quite a chore to perform when it 
is fitted with a television camera and 
directed to recognize a face. It must 
scan the image raster dot by dot to 
acquire a numeric representation in 
memory. Then, it must engage in fast 
and furious number-crunching to cal- 
culate the spatial Fourier transform of 
the face. Elapsed time at this point 
might be pushing a minute or more, 
and the machine still hasn't the fog- 
giest notion of who it's looking at. 
Then comes the hard part: one by 
one, the system must perform two-di- 
mensional correlations between its 
freshly calculated data and blocks of 
stored image data corresponding to 
the people it "knows"—-in each case, 
coming up with a number (the corre- 
lation coefficient) between 0 and 1 
that expresses how much like a stored 
image the current image 15. The 
stored image with the highest coeffi- 
cient is deemed to be the one that 
matches. 

But, if the person in front of the 
camera parts his hair differently, 


EXPERTS AGREE 
SPELLGUARD 

IS THE FASTEST 
EASIEST TO USE 


MOST POWERFUL 


AND RELIABLE 


SPELLING CHECKER 


YOU CAN BUY 


countless hours of 
proofreading, and from 


cocks his head to one side, and takes 
on a dramatic expression, then he 
might as well have just become some- 
one else. 

This problem gives specialists in 
image recognition fits, If a computer's 
logic devices can switch as much as a 
million times faster than human 
neurons, it would seem that even in- 
tensive tasks such as pattern recogni- 
tion could be done with correspond- 
ingly greater speed, even if not with 
ease, 

Not so. Here's the catch, and its 
solution will probably represent the 
next major revolution in computer 
design: Brains don't center around 
single devices called "processors." 
Computers do, Operations that the 
brain seems to perform with the 
simultaneous activation of millions of 
widely distributed logic elements 
must be performed in a computer by 
funneling the entire task through one 
tiny bottleneck. In many cases, the 
blinding speed of computer hardware 
more than makes up for this handicap 
(in calculating, sorting, etc) but in the 
types of problems encountered in the 


InfoWorld 


Software Report Саға 


(брешвиляо 


Documentation O О 
| Ease of Use "m 
Error Handling О О 


System Requirements 
e CP/M (1.4 or later) 

е 32 К bytes of memory 
е One or two disk drives 


Price: $295 


om my first book. This | errors... the embarrassment of 
version had been Allan Miller submitting a manuscript 
corrected after several | Interface Age with typos. Unlike most 
(human) proofreaders June 1981 spelling test programs, 


thoroughly reviewed it. | 
therefore expected it to 
be relatively error free. 
Not so. Spellguard was 
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"This easy to use, 
operator-oriented 
program has saved me 


Spellguard is fast...” 


Tony Dowden INNOVATIVE SOFTWARE APPLICA 
Microcomputing cani ad 

Р : 
May 19 ] О Bos dri nc menn CA 94025 
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the twotop microcomputer contenders 


When you decide to buy a microcomputer system, 
it usually gets down to one model versus another. 
Will it be the SuperBrain from Intertec ... or ane of 
those other models from Intertec's competitors? 
Well, there's really not much of a choice in the 
price/performance competition. The SuperBrain 
wins hands down! And it's a pretty tough contender 
if reliability, factory support and nationwide service 
are important to you. So what do you do?Choose 
our SuperBrain just because you know it's best? 
Or keep waiting for someone to announce some- 
thing better? 


WAIT NO LONGER... 

It wasn't enough that our SuperBrain had such 
standard features as twin double-density disk drives 
with nearly 350,000 bytes of disk storage. А full 
64K of dynamic RAM. А CP/M* Disk Operating 
System which assures compatibility to literally 
hundreds of application packages. A crisp, 12" nonm- 
glare screen with a full 24 line by 80 column display. 
А ful-featured ASCII keyboard with a separate 
keypad and individual cursor control keys. Twin 
RS232 serial ports for fast and easy connection to 
a modem or a printer. Plus, dual 780 processors 
which operate at 4 megahertz to insure lightning- 
fast program execution. No, it wasn't enough. 50 
we changed it. We made it even better! 


ANNOUNCING SUPERBRAIN QD... 

Dur new QD mode! boasts all the features of our 
phenomenally popular SuperBrain with the addition 
of double-sided disk drives. So, for only a modest 
increase in price, you can order your next SuperBrain 
with more than twice the disk storage. But, best af 
all, you can field upgrade the disk capacity of either 
model to a whopping 10 megabytes! Now how's 
that for а choice? 


HOW DID WE DO IT? 

The secret of SuperBrain QD's incredible disk 
storage lies within our new double-density, doute- 
sided disk drives. Nearly 750,000 bytes of data 
сап be formatted on two specially designed 54" 
drives, More than enough to tackle almost any 
serious small business application. Plus, SuperBrain 
QD's 64K of dynamic RAM will handle even your 
most complicated programming tasks. 

Of course, if you really need megabytes instead 
of kilobytes, just add our 10 megabyte Compu- 
Star™ Disk Storage System. It connects in seconds 
and gives you the capability 10 expand your system 
into a powerful multi-user network with up {0 255 
CompuStar terminals. You can add users one at а 
time as you need them. So no matter how much 
your needs expand, your original investment in 
computer hardware is always protected. 
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BUT IS ІТ RELIABLE? 

Our best salesmen are our present customers. 
Not only have SuperBrain and OD users been 
impressed with the inherent reliability of the sys- 
tems, they tell us that no other microcomputers 
available offer such a unique modular design con- 
сері, Just about the олу service tool required is a 
common screwdriver. But of course if you'd rather 
let us do the service, our lolal commitment to product 
and customer support, with service cutlets in most 
maior cities, will guarantee your satisfaction for 
many years 10 come. 


Тһе CompuStar™ Disk Storage System 
.. Connects in seconds to either model 


THE DECISION IS YOURS... 


Whether your next microcomputer is the Super- 
Brain or aur QD model, you'll be purchasing what 
is becoming one of the world's most popular micro- 
computer systems. And regardiess of which model 
you choose, you'll probably never outgrow it because 
you can keep expanding її. 

Call or write us today for more information on 
our full line of microcomputer systems. Ask for our 
"SuperBrain Buyer's Guide" and read why so many 
customers like yourself have made the SuperBrain 
and the SuperBrain QD their top two choices for 
performance, value and reliability. 
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2300 Broad River Rd Columbia. S.C., 29210 
(803) 798-9100 TWX 810-666-2115 


attempt to create something called 
"intelligence," it hasn't a prayer. 

The solution is not exactly trivial, 
and it must wait for device tech- 
nology, neurophysiology, and sys- 
tems theory to provide a few more 
links. But our hands are by no means 
tied: the work currently being done in 
knowledge representation, natural 
language, cognition, vision, and 
countless other specialties will con- 
tinue to provide mankind with better 
and better tools for the manipulation 
of information. When brainlike sys- 
tems make their debut, they will have 
a rich AI technology to draw upon. 


Intelligence Amplifiers 

Through all this, there has been lit- 
tle space for an explicit discussion of 
applications. Rather than attempt to 
catalog all of the present and poten- 
tial uses for intelligent machines (a 
task that should be relegated to an in- 
telligent machine), let's round out this 
overview of the field with a general 
image of their value to our species in 
general. 

It is colorful to think of computers 


of up to $40,000 
"Contemporary Applications of Optical 
ology" 


Bar Code Techn is а new, compre- 
orth American 
you thousands 
of dollars in research and development 
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as intelligence amplifiers, analogous 
to the amplifiers of various sorts with 
which we enhance the power of our 
voices, muscles, and senses. Now we 
can enhance the power of our minds. 


SS i 
Computers are 
magnificent tools but 


not yet true 
intelligence amplifiers. 


It's already happening, of course, 
with home-computer systems cheaper 
in many cases than the color-televi- 
sion receivers that serve as their dis- 
plays. But the vast computational 
gulf that exists between brains and 
computers has kept the devices some- 
what distant from their human 
owners. Magnificent tools, in- 
deed—this article was written on a 
home word-processing system—but 
intelligence amplifiers? My brain has 
as little in common with this com- 
puter as it does with a pocket 
calculator. 


BAR CODE FOR YOUR 
MPUTER. 


time when programming and equipping 
your small computer for bar tod I" 
Written by the originators of Byte 
Magazine's iments with publication 
of software in printed form, Walter Banks 
and Carl Helmers, this report is the only 
complete presentation of materials on 
keyless data T using modem bar code 
technology. tt wi e you to: 

* Read HP-41C calculator formats into 
your Apple, or other suitable computer. 
• Prepare and deliver machine 
readable printed software to your 
customers. 

» Read a UPC code into your personal 
computer. 

• Print Code 39 manufacturing inven- 
tory tags with your formed character 
or dot matrix printer. 

Here, in clear, concise, understandable 
language is all you need to know about 
bar history, software engineering 
requirements, complete machine inde- 
pendent Pascal software in source 

listing form, There is software 


It's not the computer's fault, really; 
even with its pathetic handicap of a 
single processing site, it has enough 
power to be of considerable use. But, 
as [ pointed out earlier, it's dumb. Its 
internal model of the world is sorely 
limited and alien to me. Communica- 
tion with it is formal and restricted 
and must occur only within the syn- 
tactic restrictions of its programming 
languages. І cannot err slightly in an 
instruction and be understood; I can- 
not express my thoughts to it in 
analogies or abstractions. Even if I 
know exactly what I want it to do, I 
have to work very hard to tell it 
precisely how. In some cases, І can do 
the job better and faster myself. 

None of this is intended to denig- 
rate the value of computers, but it 
should underscore the value of AI. If 
people and computers could share, 
even in a limited sense, their internal 
models of the world; if machines 
could grow with us and become 
living, friendly libraries that yield in- 
formation, not just data, then we 
would begin to feel our own powers 
enhanced as ей. № 


to generate and read all major 

formats from Code 39 to HP-41C, and 
UPC to the new NATI text software pub- 
lication format. You get ме уои 
сап use to program your smali computer 
for bar code without detail processing by 
a human operator. This method speeds 
the operation, eliminates translation and 
entry errors and, where desirable, permits 
the use of unskilled personnel for the 
entry function. You save thousands of 
dollars as a result The $500 purchase 
price of the report indudes license for 
the commercial modification and use of 
all software contained therein. 

For detailed information, send for our 
brochure. There is no cost or obligation. 
Mail the coupon today. 

г" NORTH AMERICAN 
TECHNOLOGY, INC. 
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А High-Level 


Language Benchmark 


Some computer languages are 
faster than others, but just how much 
faster? This article presents the data 
from a curiosity-driven project that 
compares the performance of nu- 
merous high-level languages on the 
small computers to which 1 had ас- 
cess. 

The benchmark tends to focus on 
the language characteristics that most 
interest те: capabilities and efficien- 
cies for systems programming, soft- 
ware tools, and data manipulation 
(such as takes place in sorting, 
graphics, and games). I wanted to 
measure the ability of a language to 
do memory references, structured 
control statements, and simple іп- 
put/output operations, I did not want 
to measure integer and real-number 
arithmetic performance because that 
depends on the processor and its 
capabilities (eg: precision of numeric 
calculations, the presence or absence 
of hardware multiply and divide сіг- 
cuits, and so on). 
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Criteria 

My criteria were that the bench- 
mark should be short (not more than 
a page of source code), able to access 
a considerable amount of memory, 
devoid of multiplication or division 
performance, and easily coded in a 
variety of high-level languages. Final- 
ly, the benchmark should accomplish 
something useful (or at least recog- 
nizable and verifiable). 


This benchmark is not 
the only criterion by 
which to judge a 
language or compiler. 


At the January 1980 UNIX confer- 
ence in Boulder, Chuck Forsberg told 
me about a program that used the 
Sieve of Eratosthenes algorithm (see 
references) іс compute ail prime 
numbers from 3 to 16,000. Unlike 
other methods, the Sieve avoids divi- 
sion and is extremely fast because it 
uses prior knowledge about numbers 
that cannot be prime (ie; even 
numbers and multiples of primes). I 
modified Knuth's program to elim- 
inate all multiplication, scaled it to fit 
most microcomputer memory capa- 
cities, and translated the program to 
every accessible high-level language. 


I should emphasize that this bench- 
mark is not the only criterion by 
which to judge a language or com- 
piler. It doesn't explore or exploit 
such language features as recursion or 
sets, which may be very important 
for some applications. It does com- 
pare code generation and run times 
for fundamental language features, 
which are important For data access- 
ing and structured program looping. 


The Program 

The program for each language 
was coded conventionally, taking ad- 
vantage of features that are defined in 
the language, but not exploiting the 
clever or obscure innovations that 
can make it run faster. [n most cases, 
some improvement in running time 
could be achieved by knowledgeable 
trickery, [In fact, that is the point of a 
benchmark program: to compare lan- 
guage performance by running the 
same algorithm encoded in different 
languages... GW] The program is 
small and simple, and, in most cases, 
easy to transfer. А few of the transla- 
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tions required more time because of 
the lack of control structures and my 
GOTO blunders. FORTRAN, 
FORTH, and COBOL (in order of in- 
creasing difficulty) gave me the most 
trouble. 


Program listings in the ten most in- 
teresting languages appear in listings 
1 thru 10. You might want to try a 
few on your favorite compilers. 

Listing 1 shows the program in 
ZSPL, a structured high-level lan- 


Listing 1: Implementation of the Sieve prime number program, written in ZSPL. 


* Eratasthenes Sieve Prime Numher Program ín 2SPL 


ident zprime; 


external function aryset; 
external function exit; 
external functíon printf; 


define true за 1; 
define false :- 0; 
define size := B190: 
define sizepl ;= 8191; 


byte array Flags|sizepl); 
integer count; 

integer 1; 

integer iter; 

integer kr 

integer prime; 


print£E(-1,"l0 jtetatíons&M&J]"); 


for iter := 1 to 10; 
count зе 0; 


aryset (true, Flags,size) ; 


for i :- 0 to size; 
if Flags{i} = true; 


prime := i + i + 3; 


К := і + primer; 
while К «s size; 
Elags[k| 


endwhile; 
* debug aid * 
count 
endif; 
enódfar; 
endfor; 


peint£(-1,"td primes" ,count); 


exlt(; 
ends 


іш false; 
К := К + prime; 


printf(-1,"$d&5M&J" prime); 
:* COunt + 


name of module 


sets array elements 
returns to cp/m 
types thinga 


largest index 
total array zize 


array of flaga 

пс, of primes Found 
агтаү index 

counts number of passes 
index Lo non-primes 
holds prime number 


type starting message 
do whole thing ten times 
zero prime counter 

set array to true 

go thru whole array 

we have a prime 

value ОЕ prime 

index to multiple 

loop to kill multiples 
set non-primes to false 
next non-prime 


tvpe value of prime 


1; count primes Found 


type no. primes found 
retura to cp/m 


Listing 2: Implementation of the Sieve program, written in Pascal. 


{+ Eratosthenes Sieve Prime Number Program in PASCAL %) 


PROGRAM PRIME; 


CONST 
SIZE « 8190; 


VAR 


FLAGS : ARRAY (0..512Е) OF BOOLEAN; 
I,PRIME,K,COUNT,ITER : INTEGER; 


BEGIN 
WRITELN(*10 iterations”); 
FOR ITER := 1 TO 10 DO BEGIN 
COUNT := 0; 
FILLCRAR( FLAGS, SIZEOF (FLAGS) ,CAR({TRUE) ) i 
FOR I :« 0 TO SIZE DO 
IF FLAGS[I] THEN BEGIN 
PRIME := 14143; 
К за I + PRIME; 
WHILE Е <= SIZE DO BEGIN 
FLAGS[K] := FALSE; 
K == К + PRIME 
END: 
COUNT з= COUNT + 1 
(% WRITELNIPRIME) *) 
END; 
END; 
WRITELN(count," primes") 
END. 
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guage that is tailored to systems pro- 
gramming. ZSPL is chosen as the first 
example because you have probably 
not seen it before and because it is 
easy to read and understand. 

Begin by initializing an array of 8 
kilobytes ("flags") to true. Flags(0), 
flags(1), flags(2),...represent the 
numbers 3, 5, 7,...as numbers being 
tested for primeness. (See table 1.) 
The program uses the prior knowl- 
edge that 0, 1, 2, and 3 are the first 
four prime numbers, that all other 
even numbers are not prime, and that 
all multiples of prime numbers are 
not prime, to iterate through an array 
of flags, calculating primes as the 
value of variable PRIME (always 3 
plus twice the current array index, I). 
As the program progresses, it also 
sets other values that cannot lead to a 
prime to false, 

When the program was timed, the 
second “printf” statement was made a 
comment and, thus, effectively 
removed. It remains in listing 1 so 
that you can see where to print the 
value of each prime number during 
debugging. 

For timing purposes, the program 
is executed (iterated) ten times. А 


Prime Number | 
Representative 
by Index 


Index — Flags (Index) 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 


FALSE 


| Table 1: Values іп array FLAGS after 


first iteration (1-0). The primeness of 


| 3, which is the potential number corre- 


sponding to FLAGS(0), has just been 
determined, Note that all multiples of 
3 have been ruled out as potential 
primes: odd multiples (9, 15,.,,} have 
Пай their corresponding FLAG entries 
(FLAG(3), FLAG(6),...) set to "false"; 
even multiples (6, 12,...) have already 
been ruled out. 
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stopwatch measures the time elapsed 
between the moment when the com- 
puter types the message "10 itera- 
tions " and when it types the total 
number of primes (1899 is correct). 
On fast machines, the iterations were 
increased to 100 to achieve a more 
precise timing result, while only one 
iteration was performed on some of 
the slow BASIC interpreters. 

The next language example is 
PASCAL, shown in listing 2. Al- 
though the syntax is a little different 
and the comments have been deliber- 
ately eliminated, you should have no 
difficulty seeing how the program 
works. 


The same is true of listing 3, coded 
in C, and listing 4, coded in RAT- 
FOR. (Note the similarity between C 
and RATFOR —it's not an accident.) 

The PL/I version in listing 5 is also 
fairly clear, but listing 6 іл FOR- 
TRAN and listing 7 in BASIC (with 
their GOTOs and CONTINUEs! tend 
toward obscurity. Fortunately I had a 
lot of help with the FORTH version, 
shown in listing 9. 


Testing Conditions 
The most easily measured charac- 
teristic was execution time; all execu- 
tion times listed in the tables are for 
Text continued on page 190 


Listing 3: Implementation of the Sieve program, written in C. 


/* Eratosthenes Sieve Prime Number Program in C */ 


$define true 1 
(define false 0 
#й=Ё1пе size 8190 
fdefine вітері 8191 


char flags[sizepl]; 


main() | 


int i,prime,k,ccunt,iter; 


pPrintf(*lü iterations\n"}; 
for(iter = lriter <= 10:ібег ++) | 


counts; 


for(i = Osi <= size;i ++) 
flags[i] = true; 
for(i = Ori <= gize;j ++) | 
it(fiagsIt]) | 
prime = і + і + 3; 
К = 1 + prime; 
while[k <= size) 


Е1асв [к] = false: 
Қ += prime; 


count = count + 1, 


| 


Шан ада primes",count); 


Listing 4: Implementation of the Sieve program, written in RATFOR. 


t Eratosthenes Sieve Prime Number Program in RATFOR 


define(size,Bl190) 


logical fiags(size*1) 
integer {,prime,k,count,iter 


call msg(^ 10 анан 
1,10 


do iter = 
count=0 
do i = O,size 


flags(i)v-.tt' 2. 


do і = 6,size 


if{flagsti}) | 
prime = i-i + 3 


k= i+ 


prime 


мћі1е (Ксавіхе) 
flags(k) = „Ealse. 
\ = К + prime 


so 


call putdecí(count); call msg(* preimes.”} 


end 


Listing 5. 6, and 7 are on page 188 


Put Time and BSR/X-10 Control 
in Your APPLE II 


THUNDERCLOCK PLUS 


The THUNDERCLOCK PLUS is two peripheral systems on one card for your 
APPLE I], И PLUS, or HI. An accurate, reliable, real-time clock “calendar and ап 
interface for the popular BSR X-10 Home Control System. 


The THUNDERCLOCK clock/calendar makes accurate time and date 
available to your programs: month, date, day-of-weck, hour, minure, and 
scond, in any of four software selectable formats. On-board batteries keep 
your THUNDERCLOCK running when your APPLE 11 is turned off - 
for up to four years before battery replacement. On-card ІК firmware 
makes reading or setting the time easy from APPLESOFT or 
INTEGER BASIC, PASCAL, or assembly language programs. 

And it provides software selectable interrupts at any of three 

rates: 64, 256, or 2048 interrupts/second. АП features are 


software selectable - по switches or jumpers! 


THE PLUS 


Add THUNDERWARE'S X-10 ULTRASONIC INTERFACE 

OPTION to your THUNDERCLOCK and your programs can send all 22 BSR X-10 commands so you can remotely 
control lights and appliances. Plus a powerful disk software package! The THUNDERWARE SCHEDULER 
software lets you create schedules to control lights, appliances, security systems, or almost any other electrical 
device. The software includes: SCUTIL - the SCHEDULER utility that lets you make or change a schedule, and 

SCHED - executes your schedules in real-time using the THUNDERCLOCK. SCHED runs in the 'background' so 
you can run other programs in the ‘foreground’. Our PASCAL software lets you use all the THUNDERCLOCK "S 
features and sets the filer date whenever you boot. The THUNDERCLOCK PLUS isa SYSTEM for your APPLE ll. 
Supported by inrelligent, easy to use firmware, a powerful software package, and good documentation! 
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See your APPLE dealer. 


Suggested retail prices: 
THUNDERCLOCK PLUS... 5139 
Clock/calendar card with batteries and user’s 
manual 


X-10 INTERFACE OPTION ....... ——à— _ 
BSR X-10 Ultrasonic interface, disk with 
SCHEDULER SOFTWARE & demos, and user's 
manual 

PASCAL ЅОЕТУУАКЕ............ он 829 
Disk with PASCAL interface for clock and X-10 
interface, and user's guide 

MANUALS ONLY, each............. rre BF 

Califurnia reshivors add fes «ales tax 
If your dealer doesn’t carry the 
THUNDERCLOCK PLUS: 
ORDER TOLL FREE (VISA/MC) CALL: 
800-227-6204 Ext 307 (Outside California) 
HOO-632.2131 Ext 307 (California Only) 
OR WRITE TO: 
THUNDERWARE INCORPORATED 
P.O. Box 13322, Oakland, CA 94661 


Let the THUNDERCLOCK PLUS rime date 
stamp yaur DOS files whenever you create or 


modify them svith our DOS-DATER software. 


The THUNDERCLOCK PLUS will work in any 
APPLE, including the APPLE Ш. 
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APPLE | is а trademark ef APPLE COMPUTER, INC 
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MTI stocks 'em all 
for faster delivery. 


No hidden charges. Prices includa dalivery. 
Ask shout pur ” GED” discounts. 
VISA and MasterCard ordars accepted, 


MTI 
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ТІ #25 KSA NOP a ciate thd анк ва me 
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ТІ 820 KEIR іп сі а n eai mo Hn rent t Hae 
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Dataproducu M200 (2400 bawd) ... B 
DATAPRODUCTS LINE PRINTERS 
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8800 (900 LPM һала) .. 
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д!) ATIDA (900 baud orig! o ........ 
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MODEMS 
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AL 1256 (Vadic compatibkl , 
МА 103 (300 baud oris. /aons.in phone? 
VA 31457] Loue. wipis modem] ..., 
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CASSETTE STORAGE SYSTEMS 
Tarhmran 916 [stares отум rd} ray ret peers 1050 
Teehtran 817 (sroreflor/speed up)... 1295 
Techtran 818 {el ting MC ———— 1785 
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FLOPPY DISK SYSTEMS 
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Techtran 957 [ШШЩ] eue 1295 
“Phe сай (оғ quote 


Diztributora, New York, New dersay and Ohio, 
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516/482-3500, 212/895-7177, 518/449-5059 
Outside N.Y,S.: 800/645-8016 
New Jersey: 201/227-5552 
Ohio: 216/464-6688 
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Listing 5: Implementation of the Sieve program, written іп PL/I. 


/* Eratostnenes Prime Number Program in PLI-60 */ 
prime: 


proc options (main}; 
replace 
size by 8190, 
false by “07b, 
true hy 717Б; 
del 
flaga (0:8191) bit(1), 
(i, prime, К, count, itec) fixed; 


put list(“10 iterations^); 
do iter = 1 to 10; 
count = 0; 
do і = 0 to size; 
flags{i) = true; 
end; 
do i = 0 to size; 
if flags(i) then 
do; 
prime = i + i + 3; 
К = i + prime; 
do while (К <= size); 
flaga{k) = false; 
К = k * prime; 
end; 
count = fount + 1; 
end; 
end; 
end; 
put skip list(count," primes"); 
end prime; 


Listing 6: Implementation of the Sieve program, written in FORTRAN. 


Listing 7: 


C EratpsSthenes Sieve Prime Number Program in FORTRAN 


50 


10 


20 


LOGICAL PFLAGS(8191)] 
INTEGER I,PRIME,R,COUNT,ITER 


WRITE(1,50) 

FORMAT(^ 10 iterations") 
po 92 ITER = 1,10 
COUNT20 

FLAGS (1) =, TRUE. 

DO 91 1 = 0,8190 
IF{FLAGS (1) .E0..FALSE.} GOTO 91 
РВІМЕт1»143 

KzI*PRIME 

IF{®.GT.8190) Сото 90 
FLAGS(K) = .FALSE. 
K=K+PRIME 

GOTO 20 

COUNT=COUNT>+1] 
WRITE(1,100) PRIME 
CONTINUE 

CONTINUE 

WRITE(1, 200) COUNT 
FORMAT(1X,I6," primes") 
БТОР 

FORMAT (1X, Гб} 

END 


Implementation of the Sieve program, written in BASIC. 


REM Eratosthenes Sieve Prime Number Program in BASIC 


SIZE = 8190 

DIM PLAGS (8191) 

PRINT “Only 1 iteration" 
COUNT = 0 

FOR I = 0 TO SIZE 

РЬАС$ (1) = 1 

МЕХТ І 

FOR I а 0 ТО SIZE 

IF FLAGS{I) = 0 THEN 18 
PRIME = ІЗІ + 3 

К = І + PRIME 

IF К » SIZE THEN 17 
FLAGS(K) = D 

К = K 4 PRIME 

GOTO 13 

COUNT - COUNT * 1 

NEXT I 

PRINT COUNT," PRIMES" 


ш, 


Organizes Your 
Or 


MS-80, a data base management system, offers | raling reports, generating other data files or on- 
the user a quick and easy way to organize and line updating of input files that already exist 
efficiently manipulate data so sound decisions FMS-80 is able to call other Rope like sub- 
can be made on facts displayed. - routines in EFM 
FMS-80?** т | | FMS-80 is able to read data files that other 
is the м | | programs have generated 
mosi power- с Мо restrictions {о record size other than avail- 
ful stand | | able RAM memory space 
alone DBM . Operates under CP/M? MP/M* or CDOS** 
program | 
available to D? | а) FMS-80 allows the flexibility to quickly create 
the micro: A | ! programs that 
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industry. 
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File Definitions | lf you're continuously asked to 
Screen Displays PT do applications programs and 
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math and field We BASIC, consider FMS-80. 
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fields) | | ^ d , Systems Plus, 
Menus (that ap- т № P “Ем 3975 East Bayshore, 
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Mathematical manipulation 

of numeric data fields using 
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(Extended File Maintenance) 
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Circle 5 on inquiry card. 
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Superior Quality dala e ro 
storage medium. 

Certified and guaranteed 


100% error free. V 
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5%” or 8" Diskettes......-.,-.+. 10/$24 
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MAXELL- DISKETTES 
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LIBRARY CASE... 
3-ring hinder album. 
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Fully enclosed and 
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DISKETTE DRIVE HEAD CLEANING KITS 4 
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free operation. 


BAT dr саа ы 


SFD CASSETTES 
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(All cassettes include box & labels) 


Get 8 cassettes,C-10 sonic and 
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T— 09.80 
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HARDHOLE 
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OR FULL REFUND 
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PRODUCTS 
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San Diego, СА 92123 
Toll Free 


1-800-854-1555 


For Orders Only 
For information or California orders 
(714) 268-3537 
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Text continued from 186: 


ten iterations, In some cases the other 
parameters are missing because they 
аге not applicable or could not be 
determined in the amount of time 1 
had on the system. The values for 
memory size include the complete 
program memory space, but not the 
8190 byte flag array. 

The time required to compile and 
load (where applicable) was mea- 
sured by setting up a command lan- 
guage file (via such commands as 


SUBMIT in CP/M or "shell" in 
UNIX) to control the compilation, 
loading, and execution. Compile tim- 
ing began with the carriage return on 
the SUBMIT line, and ended as the 
program began execution, as evi- 
denced by the beginning message "10 
iterations". All the 8-bit systems ex- 
cept the Apple used 8-inch single- 
density floppy drives, and all 
ZBO-based systems ran at a 4 MHz 
clock rate with no wait states (ie: pro- 


Text continued on page 194 
Tables and listings continued on page 192 


Listing 8: Implementation of the Sieve program, written in PLMX. 


/* Erstosthenes Sieve Prime Number Program in PLMX */ 


СРАІМЕ: 
DO; 


“DECLARE CR LITERALLY 7137, 


LF LITERALLY 7107; 
DECLARE TRUE LITERALLY 717, 
FALSE LITERALLY 707; 
DECLARE SIZE LITERALLY ^B190^; 
DECLARE FLAGS (2000H) BYTE, NBFR(10) BYTE; 


DECLARE 


(I,PRIME,K,COUNT,ITER,STATUS) ADDRESS; 


DECLARE DPRIMES (*) BYTE DATA (^%0 PRIMES”); 
DECLARE BUFFER (*) BYTE DATA |710 ITERATIONS",CR,LF); 


NMOUT: 


PROCEDURE (VALUE,BASE,LC,BUFFADR,WIDTH) EXTERNAL; 
DECLARE (VALUE,BUFFADR) ADDRESS; 
DECLARE (BASE,LC,WIDTH) BYTE; 


END NMOUT; 
WRITE: 


PROCEDURE (PUNCTION,BUPFER,COUNT,STATUS) EXTERNAL; 
DECLARE (FUNCTION, BUFFER,COUNT,STATUS} ADDRESS; 


END WRITE; 


CALL WRITE(0,.BUFFER, LENGTH (BUFFER) , . STATUS) ; 


DO ITER= 1 TO 10; 
COUNT * 0; 
DO I = 0 TO SIZE; 
FLAGS(I) « TRUE: 
END; 
DOI ғ 0 TO SIZE; 


IF FLAGS(I) = TRUE THEN 


DO; 


PRIME = I + I + 31 


К = I + PRIME; 


DO WHILE К <= SIZE; 
FLAGS(M) = FALSE; 
К = К + PRIME; 


ЕМО; 


COUNT x COUNT + 1; 


END; 
END; 
END; 


CALL WRITE(0,.DPRIMES,LENGTH (DPRIMES) , . STATUS) ; 
CALL NMOUT(COUNT,10," ^,.NBFR,10); 
CALL WRITE(O0,.NBFR,10,.STATUS) ; 


END CPRIME; 


Listing 9: Implementation of the Sieve program, written in FORTH, 


( Eratosthenes Sieve Prime Number Program in FORTH } 


8190 CONSTANT SIZE 
D VARIABLE FLAGS 


: DO-PRIME 
FLAGS SIZE 1 FILL 
0 (0 COUNT ) SIZE 
DO FLAGS I + CB 


SIZE ALLOT 


( SET ARRAY ) 
0 


IF I DUP + 3 + DUP J + 


BEGIN DUP SIZE < 


WHILE 0 OVER PRIME + СІ 


DROP DROP 1» 
THEN 
LOOP 
- ." PRIMES” ; 


OVER + REPEAT 


Glitch-proof motion controller 


makes all the right moves. 
At the right price. 


The PC-400 is the latest in simpli- 
fied, economical motion control for 
machines and processes from G&L. 
And, it will control more motions 
than any other programmable 
controller. Right this minute it is 
doing glitch-proof duty in more 
than 100 closed loop servo installa- 
tions, controlling lathes, drills, 
assembly lines, balancers, transfer 
lines, automatic welders, flame 
cutters and automated factories. 
The versatile PC-400 uses the 
familiar ladder diagram for pro- 


Electronics Division 
Circle 147 on Inquiry card. 


gramming. Feedback can be 
resolver, encoder, potentiometer or 
Inductosyn". К calls subroutines by 
letter from the ladder diagram to 
simplify programming. And the 
PC-400 can be operated in the 
"interrupt" mode where subroutines 
can be executed on a precise 2-, 4-, 
or 8-millisecond basis. 

G&L maintains an extensive 
subroutine library for PC-400 
users: for example, 8 channel D/A 
and A/D, video display, servo 
positioning, LED digital readout, 
step motor control, digitizing, etc. 


БІТІП 


G&L РС-400. 
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LEWIS 


We'll supply application notes for 
each subroutine . .. purpose, 
parameters, hardware require- 
ments, and ladder diagram 
examples. 

For complete details, plus facts 
about our free one-day PC-400 
seminars (to be held in major cities 
Coast to coast this year), write: 
Giddings & Lewis Electronics Co., 
Р.О. Box 1658, 666 S. Military Rd., 
Fond du Lac, WI 54935, U.S.A. 
Telephone (414) 921-9400. 
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* Trademark of the Inductosyn Corporation for 
electrica! measurement apparatus. 
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Language Compiled 
and Machine Bytas 
Digital Research PL/I-80, 280 242 
Whitesmiths C, 280 290 
TSW RATFOR, 280 203 
Microsoft FORTRAN, 280 228 
Pete Ridley's ZSPL, 280 230 
Interactive Systems ZC, 280 292 
Microsoft BASIC compiler 306 
{using Integer variables) 280 
M T Microsystems Pascal MT +, 280 308 
ӘСІ PLMX, 280 340 
BD Systems C version 1.0, 280 493 
intel РШМ MDS, 8080 268 
BD Systems C version 1.32, Z80 375 
UCSD Pascal, Pascal-100 298 
fig-FORTH. 280 - 
Ithaca Intersystems Pascal/Z, 280 761 
JKL FORTH, Z80 — 
Atari Pascal, Atari 800 178 
UCSD Pascal, 780 282 
Miller Microcompuler Systems — 
MMSFORTH, TRS-80 Model | (280) 
FORTH 6502 — 
UCSD Pascal TAS-50 Моде! (| (280) 282 
SWEET 18 (Apn!a li) — 
JKL FORTH MDS, 8080 — 
Pascal/M, 280 301 
JRT Pascal, 280 232 
CBASIC2 (integer variables), 280 — 
UCSD Pascal, Apple II (6502) 287 
Microsoft BASIC compiler 332 
(using real variables), 280 
tiny-c 2 (compller), 280 ES 
CBASIC2 (using real variables}, 280 — 
Microsoft MBASIC, Z80 — 
Microsoft! MBASIC, TRS80 Мәде! II (280) — 
Apple Integer BASIC, 6502 — 
Applesoft (real) BASIC, 6502 ==. 
Commodore РЕТ BASIC, 6502 — 
Computerware BASIC, 6809 — 
tiny-c, 280 - 
Microsoft COBOL version 2,2, 280 786 


Total Compile and Execute Ratio 
Size (Bytas) Load (Seconds) (Seconds) to РІ/-80 
5977 112 14.0 1.00 
7384 242 15.6 1,11 
2370 103 16.5 1.18 
5953 B8 17.0 1.21 
3787 75 18.4 1.31 
897 ria 18.5 1.32 
16918 144 18,8 1.32 
3043 102 190 1.35 
1063 118 22.5 1.60 
3834 50 35.0 2.50 
— - 48.0 3.43 
3932 31 49.5 3.53 
— 12 54.0 3.86 
— — 85.0 6.07 
3328 124 108 7.78 
= -- 112 8.00 
8192 — 190 13.57 
8282 14 239 17.07 
— — 253 18.07 
— — 265 19.93 
8282 БО 274 19.57 
— =“ 292 20.86 
-- — 440 31.43 
21933 50 450 32.14 
11498 B5 470 33.64 
== 26 4В4 34,57 
-- 43 516 35.86 
21473 150 715 51.07 
— 96 930 66.42 
= ЖЕ 1430 102.14 
E — 1920 137 14 
= — 2250 160.71 
= a 2326 185.71 
= -- 2806 200.43 
= m 3180 227.14 
— — 4303 307.30 
— — 4720 337.10 
17605 146 5115 365.30 


Table 2: Comparison of programs running on 8-bit machines, 


Listing 10: Implementation of the Sieve program, written in COBOL. The TABLE variable was implemented differently in Microsoft 


COBOL-80 because of its limitation on the length of an array. 


* Eratosthenes Sieye Prime Number Program in COBOL 
IDENTIFICATION DIVISION. 
PROGRAM-ID. PRIME. 
ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 MISC. 
03 I PIC 9(4) COMP. 
03 PRIME РІС 9{5) COMP, 
03 K PIC 9(4) СОМР, 
03 TOTAL-PRIME-COUNT PIC 9(4) COMP. 
02 TABLE. 


04 FLAGS РІС $ COMP OCCURS 8191 TIMES. 
PROCEDURE DIVISION. 
P. DISPLAY " l iteration". 


PERFORM ITER-ROUTINE 10 TIMES. 
DISPLAY TOTAL-PRIME-COUNT " primes". 
STOP RUN. 
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ITER-ROUTINE. 


TABLE-F ILLER-ROUTINE . 
DETAIL-COMPARE.,. 


PlRST]l. 


МЕКТІ. 
е 


D-C-EXIT. 


MOVE ZEROES TO TOTAL-PRIME-COUNMT,. 
PERFORM TABLE-FILLER-ROUTINE VARYING I FROM 1 BY 1 
UNTIL I = 8191. 
PERFORM DETAIL-COMPARE THRU D-C-EXIT VARYING I 
FROM 0 BY 1 UNTIL I = 8190. 
MOVE 1 TO FLAGS (1). 
IF FLAGS {I + 1] = Q 
GO TO D-C-EXIT, 
COMPUTE PRIME = I + I + 3. 
COMPUTE К = I * PRIME. 
IF К > 8191 GO TO МЕХТІ. 
MOVE 0 TO FLAGS (K + 1). 
COMPUTE К = PRIME + К. 
GO TO FIRSTl. 
ADD 1 TO TOTAL-PRIME-COUNT. 
DISPLAY “FOUND PRIME = ° PRIME. 
EXIT. 
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їпу BASIC MICROCOMPUTER 


y а и. 
е 


| | | 


The Engineers Product Development Board Level Computer 


( | Г 
LA J 1 © 


STD (MOD) BUS 4.5 x 6.5 in. 
5 Volt Only — Cassette 

Tape In/Out—2 Sense— 

3 Flags 


| INS8073 Microinterpreter 
Tiny BASIC Processor 


ІК Byte Local RAM 
Ext. Expandable To 9K 


ART/RC Master, For Single 


Wire Data 1/0 Of 128 Slave Units Autostart EPROM 2K Byte 


Real Time Clock 
W/Ext. Battery Backup 
Yr, Mo, Wk, Day. Hour, Sec. 


Utilities Firmware, For 
Software Деу, EPROM 2K 


EPROM —2K Byte 


EPROM Programmer, 2K 
— Byte Prm. Decoded —Req. 
Ext. 25V Only 


РРІ, Programmable 1/0, 
24 Lines 


R$-232 For CRT 
110—4800 Baud 


PPI Interface Ribbon 
Connector 


$388 


SINGLE UNIT 


Simply attach a CRT, connect 5 volts, and 
you have yourself one each powerful, versa- 
tile microcomputer that YOU can program. 

If you're fed-up with board level compu- 
ters that require expensive development sys- 
tems plus the skills of an Assembly language 
programmer, then you need the К-8073. With 
an on-chip microinterpreter and the extra 
control devices we designed into the board, 
you can do your own programming in the 
most simple English-like language available — 
Tiny BASIC. Sophisticated application de- 
signs can be implemented in hours instead of 
days or weeks because you have eliminated 
expensive and time consuming hardware and 
sortware costs. 


IN ADDITION TO ALL THIS, the K-8073 
offers advantages unheard of in other board 
level computers, Among these are an on- 


ГНЕ K-8073 IS FOR OEM'S AS WELL AS 
END USERS. 

Whether you manufacture Industrial Process 
Control, Environmental or Test/Measurement 
systems, or simply for your own use, you can 
count on top quality performance. The K-8073 
comes complete with all socketed devices 
including the powerful F-2 Utilities Firmware 
and a Hardware/Software manual. 

In Industry, Education, or New Product 
Development, the K-8073 provides you with 
State-of-the-Art technology for micropro- 
cessor efficiency and ease. With a full line of 
support products, the TransWave line takes 
care of your every need at the most reason- 
able prices. 

To order your K-8073 or for further infor- 
mation, write or call TRANSWAVE COR- 
PORATION,Cedar Valley Building, Vanderbilt, 
PA 15486, (412) 628-6370. 


board EPROM Programmer, А Real Time a e a aae 
Clock, Autostart, ІК Byte local RAM for TE A | т АР БЕ 


РРІ W/24 line 1/0. Development Station $195.00 COMPUTER DIVISION OF UTSC 


Total 
Size (Bytas) 


Complled 
Bytes 


Language 
and Machina 


Assembly language 68000 (8 MHz) — — 

C, PDP-11/70 130 1406 

Assembly language, 8086 (8 MHz) -- — 

NBS Pascal, РОР-11/70 333 1920 

Onyx C (UNIX), 28000 242 5462 

Assembly language, 8088 (5 MHz) — — 

NBS Pascal, PDP-11/60 333 -- 

С, РОР-11/40 130 1406 

Assembly language, 280 113 896 

M Т Microsystems Pascal МТ 68000 (4 MHz) 410 — 

Intel Pascal-86, BORG 4461 
(MDS 286FD, 5 MHz) 

RSI Pascal, 68000 (4 MHz) 

RATFOR, HP-3000 

ҒОНТНАМ, HP-3000 

DECUS FORTH, РОР-11/70 

SUPERSET (Superset Model PGM) 

Motorola Pascal, 68000 

Pascal, HP-3000 

COBOL, HP-3000 

BASIC, HP-30D0 

Palytorth, Texas Instruments 990/10 

UCSD Pascal, Pascal Microengine 298 

UCSD Pascal, Terak 151-11 282 

C, PDP-11/70 (using division algorithm) 250 


5376 


8282 
8282 
1454 


Compile and 
Load (Seconds) 


Execute 
(Seconds) 


Ratio 
to РІЛ-В0 


— 132 
3.87 1.52 
3 1.90 
2.68 2.80 
54 3.20 
18 
13.8 
68 


18 
3.85 


Table 3: Comparison of programs running on the larger machines, 


PROTECT YOUR 
DISKETTES! 


Don't Lose Valuable Data 
Due To Improper Storage 


ROTARY FILES-Revolving protective liling lor 150 diskettes wilhin 75 
non-gtane дуа (included) Each file holds 2 disketles. Filas rotale 
on a walghied base and provide full tile visibility {гот any direction. 
Comes wilh calor coded labels. В inch-S295 Sis inch-3265 


ж Professional! Quality File 
Storage for any Application 

x Attractive Organization 
Compliments any 


FILE TAAYS—Versalile new high- 
impact plastic Iraya prateci up to 80 
disketles. Optional smoke tinted cover 
provides maximum nroteclion, Movas 
follower block and loam cushion іп tray | 
bottom keep media upright and flat 
Specially designed ta ПІ іп any slam ЕЕ 


dard Ше drawer. 8 inch tray-$20, 114-610; 874 inch tray-$18, Id- 56 


FLIP FILES-—-Thi& black suede vinyl 
binder protects and displays 20 
diskettes. Closed, H ая away on the 
shell; opened, (t provides Hagnrtip 
selection of media. Camas wilh color 


coded labals for coding. 
8 Inch-542 


DESK FILES-Convament desk 
lop filing for 30 or 5D disketias. 
Files swing from side to side to 
provide іші tithe visibility, Comes 
with color coded labels. 8 inch 
30 disk capacity-686, 50 disk | 
capacity$104; 4% inch 30 E 
disk capacity-583, 50 disk cs pécHy din 


Sva inch-538 


These are just а few of our many media accessories. 
Call or write for our free, full line catalogue. 
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Computer Environment 
* Quick, Easy Access to 
Your Data Library 
* Rugged Construction 
with One-Year Warranty 
* Keeps Media Clean 
and Rigid 
* Immediate Delivery 


ORDER BY PHONE 


(805) 736-7087 


Phone orders will be credited $1 torcall 

VISA 6 MASTER CHARGE accepted 

California residents add 6% salas lax 

Ріваве add 58 (or shipping & handling 
(513 lar ROTARY FILE) 


PACIFIC MEDIA 
PRODUCTS 


1205 E. Cypress Avenue 
Lompoc, СА 93436 


Circle 396 on inquiry card. 


Text continued from page 190; 


cessor speed is not slowed down by 
"slow" memory). 

Since my primary interest is in 
small computers, and particularly 
280 systems, I decided that the fastest 
executing high-level language that ran 
on а £80-based microcomputer 
would serve as my standard of com- 
parison. TSW's RATFOR was the 
leader until Gary Kildall of Digital 
Research gave us a new speed leader 
when he kindly translated the pro- 
gram into his new TI'L/1-80 language 
and ran it at the 1980 National Com- 
puter Conference. 

Table 2 lists the results to date, The 
ratio column concerns only execution 
time in comparison to PL/I-80 run- 
ning on a 4 MHz Z80 computer. You 
will notice from the dala presented in 
table 2 that many of the newer high- 
level compilers that translate into 
machine code are similar in execution 
Hime. The interpreters such as UCSD 
Pascal and the BASICs are, as ex- 
pected, much slower, 

Телі continued on page 198 


Tables 4, 5, and 6 are on page 196 


THE FORTH SOURCE" 


Specializing in the FORTH language. 


MANUALS AND GUIDES PRICE 
"Using FORTH” by FORTH, Inc. Best user's manual currently available. $ 25.00 
“А FORTH Primer" by Stevens. In-depth self-study manual. $ 25.00 
“PDP-11 FORTH User's Guide" by James. fig-FORTH. $ 20.00 
"Systems Guide to fig-FORTH" by Ting. Inner mechanisms of fig-FORTH. $ 25,00 
"Caltech FORTH Manual" by Ewing. Overview and structure, $ 11.00 
"FORTH-79," latest fig-FORTH standard. $ 15.00 
"TinyPASCAL in fig-FORTH" by Zimmer, $ 10.00 
"Threaded Interpretive Languages" by Loeliger. FORTH adapted for 280. $ 20.00 
"Invitation to FORTH” by Katzan. Limited introduction. $ 18.50 
"Proceedings, 1980 FORML Conference," Technical papers. $ 25.00 


INSTALLATION DOCUMENTS 
Installation Manual for fig-FORTH, contains FORTH model, glossary, memory map 


and instructions. $ 15.00 
Source Listings of fig-FORTH for specific CPU's and computers. The above 
Installation Manual is required for implementation. Price per each. $15.00. 

О 1802 [1 6502 С 6800 [1 6809 

C] 8080 О 8086/88 ГІ 9900 LJ APPLE Il 

[1 PACE O Alpha С PDP-11/ L] NOVA 

Micro LSI-11 

"METAFORTH" by Cassady. Self-compiling, cross-compiling, target-compiling, a true 
compiler-compiler. $ 30.00 


MACHINE READABLE DISKS AND DOCUMENTATION 
FORTH Operating Systems with enhancements and manuals 
LJ #89, stand alone — $250.0 ГІ H89, under CPM — $175.00 
О APPLE ПЛ! +, MicroMotion — $89.95 ГІ TRS-80/1, fig-FORTH — $90.00 | 
Г] TRS-80/l or Ш, MMSFORTH — $130.00 Моге coming! | 


fig-FORTH Model & Source Listing L] H89 о 8080/7280 
with manuais. $65.00 each. [] NOVA С APPLE I! 


fig-FORTH Goodie Disks, С H89, Tiny PASCAL 
with documentation in fig-FORTH $ 75.00 


Cross Compilers — [] CP/M С TRS-80/l 
O H89 O Northstar 


$ 65.00 


$200.00 


ORDERS ONLY (415) 961-4103 
Ordering Information: Check, Money Order (payable to MOUNTAIN VIEW PRESS) VISA ог 
MasterCard accepted. Мо COD's or unpaid PO's. California residents add 6⁄2% sales tax. 
Shipping costs in US included in price. Foreign orders, pay in US funds on US bank, include for 
handling and shipping by Air; $5.00 for each item under $25,00, $10.00 for each item between 
$25.00 and $99.00, and $20.00 for each item over $100.00 


Minimum order $10.00. All prices subject to change or withdrawal without notice, Single 
system and/or single user license agreement required on some products. 


MOUNTAIN VIEW PRESS 


РО. BOX 4656 MOUNTAIN VIEW, CA 94040 (415) 961-4103 
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Language 
and Machine 


Digital Research PL/I-BO, 280 
Whitesmith C, 280 
TSW RATFOR, 280 
Microsoft FORTRAN, 280 
Pete Hidley's ZSPL, 280 
Interactive Systems 2С, 280 
Microsoft BASIC compller 

(using integer variables), 280 
M T Microsystems МТ--, 280 
SCI PLMX, ZBO 
BD Systems C, version 1 0, 280 
BD Systems C, varsion 1.32, 280 
fig-FORTH, 280 
Пласа Intersystems Pascal/Z, 280 
JKL FORTH, 280 
UCSD Pascal, 280 
Pascal/M, 280 
CBASIC2 (using integer variables), 280 
Microsofl BASIC complier 

(using real variables), 780 
tiny-c 2(сотрйег), 280 
CBASIC2 (using real variables), 280 
Microsott MBASIC, Z80 
tiny-c, 280 
Microsoft! COBOL version 2.2, 280 


Language 
and Machine 
NBS Pascal, PDP-11770 
NBS Pascal, РОР-11/80 
M T Microsystems Pascal MT, 
68000 (4 MHz) 
inte! Pascal-86, 8086 
(MDS 286FD 5MHz) 
RSI Pascal, 68000 (4 MHz) 
Motorola Pascal, 68000 
М T Microsystems Pascal МТ +. 280 
Pascal, HP-3000 
UCSD Pascal, Pascal 100 
UCSD Pascal, Pascal Microengine 
Ithaca Inlersystems Pascal/Z, 780 
Atari Pascal, Atari BOO 
UCSD Pascal, Z80 
UCSD Pascal, TRS-80- Modal 11 
UCSD Pascal, Terak LSI-11 
Pascal/M, 280 
JRT Pascal, 280 
UCSD Pascal, Apple II (6502) 


Language 
and Machine 


UCSD Pasca!, Pascal 100 

UCSD Pascal, Pascal Microengine 
UCSD Pascal, 280 

UCSD Pascal, TRS-80 Model | 
UCSD Pascal, Твгақ LSI-11 

UCSD Pascal, Apple |! (6502) 


Total 
Siza (Bytas) 


Compiled 
Bytes 


242 5977 
290 7384 
203 2370 
228 5953 
230 3787 
292 897 
306 16918 
308 3043 
340 1063 
493 3834 
375 3932 
761 3328 
282 8282 
301 21933 
332 21473 
786 17605 


Table 4: Comparison of programs running on Z80-based machines. 


Total 
Size (Bytes) 


Compiled 
Bytes 


333 1920 
333 = 
410 -- 


274 4461 


5376 
12802 
3043 


= 


8282 
3328 
8282 
8282 
8282 
21933 
11498 


Table 5: Comparison of Pascal programs. 


Total 
Size (Bytes) 


Compiled 
Bytes 


298 -- 
298 8282 
282 8282 
282 8282 
282 B282 
287 -- 


Compile and 
Load (Seconds) 


Compile and 
Load (Seconds) 


Compile and 
Load (Seconds) 


Ratio 
(ОРІЛ-80 


Execute 
(Seconds) 


112 14.0 7.00 
242 15.B 1.11 
103 16.5 1.18 
88 17.0 1.21 
75 18,4 1.31 
п/а 18.5 1.32 
144 18.6 1.32 
102 18,0 1.35 
116 22.5 1.50 
50 35.0 250 
31 49,5 3.53 
— 85.0 5.07 
124 109 7.7B 
— 112 B.00 
14 239 17.07 
50 450 32.14 
26 484 34.57 
150 715 51.07 
96 930 66,42 
— 1430 102.14 
— 1920 137.14 
— 4720 337.10 
146 5115 365.30 


Ratio 
іс РІЛ-80 


Execute 
(Seconds) 


2.68 2.6 0.19 
18 4,5 0,32 
9.0 0,64 


Ratio 
to PL/I-BO 


Execute 
(Seconds) 


54.0 3.B6 
53.0 4,50 
239 17,07 
274 19.57 
317 2264 
516 36.86 


Table 6: Comparison of programs ruming on different implementations o] UCSD Pascal 
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QUALITY DISK SOFTWARE 


BACKED BY ON-GOING APPLICATIONS SUPPORT 


——Ó 


HOME FINANCE PAK I: Entire Series $49.95 (А) (Т) 
CHECK REGISTER АМО BUDGET: This comprehensive CHECKING ACCOUNT 
MANAGEMENT SYSTEM nol only keeps complete records. i| also gives you 
the analyses and control tools you need to actively manage your account 
The system provides routines for BUDGETING INCOME AND EXPENSE, AUTO- 
MATIC CHECK SEARCH, and BANK STATEMENT RECONCILING, CAT or printer 
reporis are produced far ACTUAL EXPENSE vs BUDGET. CHECK SEARCH 
DISPLAY RECONCILIATION ВЕРОЯТ and CHECK REGISTER DISPLAY by month. 
Check entry is prompted by user-defined menus of standard purposes and 
tecipienl codes, speeding data entry and reducing disk slorage and 
retrieval time. Six Helds of data are stored toi each check amount, check 
no., dale, purpose, recipient and TAX DEDUCTIBLE REMINDER, CHECK SEARCH 
routines allow searching on any of these data fields Upto 100 checks /mo 
Бога ......... auem m ИИ ИАА .,. $39.85 


SAVINGS: Account management system tor up Io 20 separate Savings 
accounts Organizes, files and displays deposits, wihdrawals and inlerest 
earned for each ACCOUNT ....,.............,...... 4... 91495 


CREDIT САВО: Gel Control of your credit cards with this program. Organizes, 
stores and displays purchases. payments and service charges for up to 20 
separate cards ог bank loans. ......... ee 4..... 81485 


UNIVERSAL COMPUTING MACHINE: $49.95 @ 
А user programmable computing syslem structured around а 50 row x 50 
column tabla. User defines row and column names and equalions farming a 
umque camputing machine. Table elements can be multiplied, divided 
sublracted or added 10 any other element. Hundreds ol unique compuling 
machines can bedelined used, stored, and recalled, lar laler use Excellent 
lor sales forecasts. budgets, inventory lists. Income statements, production 
planning, project cost estimates-in shart for any planning. analysts or 
reporting problem that can by solved with a lable 

520,05 (4) 


COLOR CALENDAR: 
Got a busy calendar? Organize Н with Color Calendar, Whether il's 
birthdays, appointments, business meetings ог a regular office schedule 
{їз program is the perfect way to schedule your activities 

The calendar display 18 з beaulilut HI-RES color graphics calendar of Ihe 
selecled month with each scheduled day highlighted in colar, Using the 
daily schedule, you can review any day of the month and schedule an even! 
ш activity in апу one of 20 hme 51018 from 8.00 A M to 5:30 P M 


BUSINESS SOFTWARE: | Entire Series $159.95 ( Ф 
MICROACCOUNTANT: The ideal accounting system lor small businesses 
Based on classic T-accounts and double-eniry booking. Ihis eflicierti 
program provides ajournal lor recording posting and reviewing up to 1.000 
lransactions per month to any one ol 300 accounts The pregram produces 
CRT and printer reports covering: 

BALANCE SHEET 


TRANSACTION JOURNAL 
ACCOUNT LEDGERS INCOME AND EXPENSE STATEMENT 
„+++ 84895 


Includes a short primer on Financial Accounting. (48K) . 


UNIVERSAL BUSINESS MACHINE: This program (= designed to SIMPLIFY and 
SAVE TIME for the serious businessman who must periodically Analyze. 
Plan and Estimate. The program was created using ош Universal Computing 
Machine and il 15 programmed to provide the follawing planning and 


lorecasting 10015. 

CASH FLOW ANALYSIS SALES FORECASTEA 

PROFORMA PROFIT & LOSS SOURCE AND USE OF FUNDS 

PROFORMA BALANCE SHEET JOB COST ESTIMATOR 
INVENTORY ANALYSIS 


REAL ESTATE INVESTMENT 
Price. including a сору п the Universal Computing Machine .... 580,95 


BUSINESS CHECK REGISTER АМО BUDGET: Our Check Register and Budgel 
programs expanded to include up 10 50 oudgelable items and up to 400 
checks рег month includes bank slatement reconciling and automalic 
EN ӨЗЕН WER .......—....45...-.--ее 4, . ЗОВ 


ELECTRONICS SERIES VOL | & 11: Entire Series $259.05 

LOGIC SIMULATOR: SAVE TIME АЮП MONEY. Simulate your digital logic 
circuits betore you build them, CMOS. TTL, or whatever, if it's digital logic 

this program can handle 11. The program is an interactive, menu driven, 
full-fledged logic simulator capable of simutating the bit-time response ol a 
logic nelwork to user-specified Input patterns. В will handle up to 1000 
gates. including MANOS, HORS. INVERTERS, FLIP-FLOPS. SHIFT REGISTERS. 
COUNTERS and user-defined MACROS. up to 40 user-defined random. or 
binary input patterns. Accepls network déscriptians trom keyboard or from 
LOGIC DESIGNER for simulation ................ 5159 85 


Circle 336 on inquiry card. 
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LOGIC DESIGNER: Interactive HI-RES graphics program lor designing digital 
logic systems. Draw directly on Ihe screen up to 10 different gale types, 
including NAND, NOR, INVERTER, EX-OR, T-FLOP, JK-FLOP. O-FLDP. RS-FLOP. 4 BIT 
COUNTER and N-BIT SHIFT REGISTER. User interconnects gates using Jine 
graphics commands. Network descriptions for LOGIC SIMULATOR generated 


simullanenusly wilh the CRT diagram baing drawn ,....... 5159 B5 ($5 
MANUAL AND DEMO DISK: instruction Manual and demo disk illustrating 
capabilities oí both program (5)............. 47... 909.65 ATD 


ELECTRONIC SERIES VOL 111 & IV: Entire Series $259.95 
CIRCUIT SIMULATOR: Tired of trial & errar circuil design? Simulate & debug 
your designs balore you build them! With CIRCUIT SIMULATOR you build a 
mode! of your circu using RESISTORS, CAPACITORS, INDUCTORS, TRANSISTORS. 
DIODES, VOLTAGE and CURRENT SOURCES and simulate (ће wavelorm response 
to inpuls such as PULSES, SIRUSOIDS, SAWTOOTHS, etc. . all fully programmable. 
The output 15 displayed as an OSCILLOSCOPE-STYLE PLOT of the selected 
wavelorms (Apple only) or as a printed lable of voltage vs ime. Handles up tb 
200 notes and up ta 20 sources. Requires 48 RAM ....... 515895 (ду (J) 


CIRCUIT DESIGNER: Interactive HI-RES graphics program for designing electronic 
circuits, Draw directly on the sereen up ta 10 different component types. 
including (hose referenced above. Components inlarconnect hist for CIRCUIT 
SIMULATOR generaled automatically, Requires ,.... ...,.. $189.95 


MATHEMATICS SERIES: Entire Series $49.95 

STATISTICAL ANALYSIS |; This menu driven program performs LINEAR 
REGRESSION analysis, determines the mean, standard deviation and plats 
ihe frequancy disiribution of user-supplied dala sets. Printer, Disk, c 


routines TÉ — ee -———— № 4 


NUMERICA! ANALYSIS: HI-RES 2-Dimensional plot of any function. Automatic 
scaling. At your орікіп, the program will pol the functian, plot the 
INTEGRAL, plot Ihe DERIVATIVE. delermine the ROOTS, MAXIMA, MINIMA. 
INTEGRAL VALUE залою bod ooo od 44-4 0X 09 9 OR BR HR UR ER нак D o 43 € $19.35 


MATRIX: A general purpose, menu driven program for delermining the 
INVERSE and DETERMINANT cl алу matrix, as well as the SOLUTION ta any sel 
di SIMULTANEOUS LIKEAR EQUATIONS, ,................... 51995 


3-D SURFACE PLOTTER: Explore the ELEGANCE and BEAUTY of MATHEMATICS 
hy creating HI-RES PLOTS of 3-dimensional surfaces (гот any 3-variable 
equation. Disk save and recall routines tor plots. Menu driven ta vary 
surface parameters. Hidden line or transparent plolling ....... $19.95 


ACTION ADVENTURE GAMES: Entire Series $29.95 @ 
RED BARON: Can you сы у the RED BARON? This tast action game simulates 
a machine-gun QUGFIBHT between your WORLD WAR i BI-PLANE and the 
baron's. You can LOOP. DIVE, BANK or CLIMB-and 50 can the BARON. (n HI-RES 
graphics phus sound, .,...... — ® « кезе іа ҰМ 


BATTLE OF MIDWAY: You are in command of 1ле 0.8.5. KORNETS' DIVE- 
BOMBER squadron. Your largets are the Aircraft carriers, Akagi, Soryu and 
Kaga. You must fly your way through ZEROS and AA FIRE lo make your 
DIVE-BOMB run. In HI-RES graphics plus sound 1... LL... кала 814.95 


SUB ATTACK: (1's April 1943. The enemy convoy is headed for the CONTROL 
SEA. Your sub, ihe MORAY, has just sighted the CARRIERS and BATTLESHIPS 
Easy pickings. But watch oul for the DESTROYERS - they're fast and deadly. 
In HI-RES graphics plus sound ,........... T——Ó 0n 


FREE CATALOG-All programs аге Prage оп disk and run on Apple tl w/Disk 
È Applesolt НІМ Card & ТЯЗ-80 Level И and require 32K RAM unless 
otherwise noled. Detailed insiruclians included, Orders shipped wilhin 5 
days. Card users include card number, Add $1.50 postage and handling 
with each order, California residents add 6%; sales tax, Foreign orders add 
$5.00 poslage and handling. 


SPECTRUM SOFTWARE 
142 Carlow, P.O. Box 2084 
Sunnyvale, CA 94087 


LISA 


FOR PHONE ORDERS: |408) 738-4387 = 8 
pem 


DEALER INQUIRIES INVITED. 
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Selected Vendor Addresses 


Apple Computer: (UCSD Pascal, In- 
leger and Applesoft [floating-point] 
BASIC): 10260 Bandley Dr, Cupertino 
CA 95014. 

BD 5ystems C: Lifeboat Associates, 
2248 Broadway, New York NY 10024. 

CBASIC2: Software Systems, POB 
145, Sierra Madre СА 91024. 

Commodore PET BASIC: Commo- 
dore Business Machines Inc, Computer 
Sales Div, 950 Rittenhouse Rd, Nor- 
ristown PA 19401. 

Computerware BASIC: Computer- 
ware, 1512 Encinitas Blvd, Encinitas 
CA 92024. 

Digital Research PL/I-80: Digita! 
Research, POB 579, 801 Lighthouse 
Ave, Pacific Grove CA 93950. 

fig-FORTH: FORTH Interest Group, 
POB 1105, San Carlos CA 94070. 

FORTH 6502: Actually fig-FORTH; 
see above. 


Intel PL/M: (runs on an intel 


Teat continued from page 194; 

Several sorts were done on the data 
to make comparisons easier. Table 3 
lists the 16-bit machines and other 
machines of special interest. À very 
encouraging harbinger of the 16-bit 
future is the outstanding performance 
of the Z8000 Onyx system running 
Version 7 UNIX in a small tabletop 
machine! 

Table 4 lists 1he results for all Z80 
languages, table 5 lists all Pascal data, 
and table 6 lists all UCSD Pascal 
data. 

If you have access lo a computer or 
language not presented here, Га be 
pleased to receive the results. And to 
the software suppliers who are upset 
because I didn't use the latest and 
greatest version, I apologize: І had to 
use what was available. 


Moral 

A word is in order to those who are 
frequently tempted to write programs 
in assembly language in order 1o 
make them faster. This benchmark 
(which uses по division) was also 
coded in the "usual" algorithm (using 
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М05800 development system); Intel 
Corp, 3065 Bowers Ave, Santa Clara 
СА 95051. 

Interactive Systems ZC: (а С-іпн- 
guage cross-compiler that runs under 
the 15/1 operating system on a Digital 
Equipment Corp PDP-11 and produces 
code for the 280); Interactive Systems 
Corp, 1212 Seventh 5t, Santa Monica 
CA 90401. 

JKL FORTH: (versions exist for 
S-I00 and Inte! MDS computers): 
Cubic-Western Data, 5650 Kearny 
Mesa Ка, бап Diego CA 92111, 

JRT Pascal: JRT Systems Inc, POB 
22365, Sum Francisco СА 94122. 

Microsoft BASIC compiler, BASIC 
interpreter, FORTRAN, COBOL: 
Microsoft, 10800 NE Eighth, Bellevue 
WA 98004. 

MMSFORTH: Miller Microcom- 
puter Services. 61 Lake Shore Rd. 
Natick MA 01760. 

MT Microsystems Pascal/MT+: 
MT Microsystems, 1562 Kings Cross 


successive division) Le see how much 
slower it would be when run under 
the same machine and language. On a 
Digital Equipment Corporation 
PDP-11/70 (which has division hard- 
ware) and the C language, it was 
sixty-nine times slower! (See the sec- 
ond and last lines of table 3.) On ma- 
chines that do division by (slower) 
software methods, the results would 
probably be much worse. Clearly, the 
message 15 to avoid giving up too 
easily on high-level languages. In- 
stead, look for a better algorithm, 
and keep your code in a high-level 
language. It will save you develop- 
ment time and grief. Then, if you 
must have more speed, hand- 
translate critical parts of the high- 
level code to an assembly-language 
subroutine. Pull every trick you 
know, but keep the high-level code as 
comments to document what is being 
done. 


Conclusions 

Nine months on this project con- 
vinced me that the high-quality struc- 
tured languages such as C, Pascal, 


Dr. Cardiff СА 92007. 
Onyx C: Onyx Systems Inc, 10375 
Bandley Dr, Cupertino CA 95014. 
Pascal/M: Sorcim Corp, 1333 


Lawrence Expressway. Suite 418, 
Santa Clara CA 95051. 

FORTH inc, 
Highway, 


2309 
Hermosa 


PolyFORTH: 
Pacific Coast 
Beach CA 90254, 

SCI PLMX: Systems Consultants 
Inc, 4015 Hancock St, San Diego CA 
92110. 

liny-c: Ниу-с associates, РОВ 269, 
Holmdel М) 07733. 

TSW RATFOR: The Software 
Works, 8369 Vickers, San Diego CA 
92111, 

UCSD Pascal; SofTech Microsys- 
tems, 9494 Black Mountain Rd, San 
Diego СА 92126, 

Whitesmiths C: Whitesrniths Ltd, 
РОВ 1132 Ansonia Station. New York 
NY 10023. 

ZSPL: Peter D Ridley, 3321 Byron 
St, San Diego СА 92106. 


RATFOR, ZSPL апа PL/l are the 
way for me to go, so l'm not likely to 
spend much time with BASIC or 
COBOL (and | don't have the right 
kind of brain for FORTH). But my 
applications and interests are nol 
yours, so be sure that you fully ex- 
amine a compiler and its support en- 
vironment before you buy it. Be 
especially aware of the quality of 
editing and debugging tools, and the 
language's features for debugging. 
since this is where your time really 
goes. E 


Reterence 
Knuth, Donald Е The Art of Computer Pro- 
gramming Val 2: Semi-Numerica! Algorithms. 
Heading MA. Addison-Wesley, 1969, 
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Science Fiction's 
Intelligent Computers 


Donald Byrd 
Bloomington Academic Computing Services 
Indiana University 
Bloomington IN 47405 


In the almost thirty years since the installation of 
Univac I, the first commercially built computer, much 
science ficton about computers has appeared in print or 
on film. We might expect the intelligence of these com- 
puters to range over a continuum, but each story that I've 
encountered depicts either a machine with great in- 
telligence or a machine with none (where "having in- 
telligence" means exhibiting behavior that we would call 
intelligent in a human). Arthur C Clarke's "The Nine 
Billion Names of God" (1952) and John Brunner's The 
Shockwave Rider (1975) are examples of stories about 
"dumb" computers and will concern us no further, 
Stories about intelligent computers include Harlan 
Ellison's "I Have No Mouth and I Must Scream" (1967), 
Clarke's and Stanley Kubrick's 2001: А Space Odyssey 
(1968), and David Gerrold's When Harlie Was One 
(1972). 

But two more recent novels provide the best frame- 
work for a discussion of intelligent computers in science 
fiction: Thomas Ryan's The Adolescence of P-1 (hereafter 
called AP-1; New York: Ace Books, 1979) and James 
Hogan's The Two Faces of Tomorrow (hereafter, TFT; 
New York: Ballantine Books, 1979; for a longer list of fic- 
tion about computers, see references 1 and 2). These two 
books resemble each other in many ways and differ strik- 
ingly in others. Both focus on the escape of a computer 
system from man's control. Both show, in the last half, 
man and machine locked in mortal combat. The authors, 
both computer professionals, display considerable 
general knowledge of computers. Table 1 summarizes 
other points of comparison. 
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AP-1 and TFT differ most strikingly in the realism of 
their treatment of computers. We can judge their realism, 
of course, only in terms of our present knowledge of ar- 
tifical intelligence (Al). TFT shows considerable 
understanding of the real problems of AI, and author 
Hogan acknowledges the help of Marvin Minsky, the 
director of the MIT Artificial Intelligence Laboratory, 
AP-1 evinces either ignorance of, or a lack of concern for 
the problem. This should remind us that although AI is 
an important subdomain of computer science, not every 
computer professional ventures in. 

Summaries of the plots of AP-1 and TFT will give us 
specific points of reference, 


The Adolescence of AP-I 

The front cover of АР-1 calls it a "novel of the near 
future." Actually, it's a novel of the near past, beginning 
in 1974 (and bearing a copyright date of 1977). Gregory 
Burgess, an undergraduate at the University of Waterloo 
(Ontario), becomes obsessed with the idea of "taking 
over the system" of the university's IBM 360/75. The 
trick is to get the program's status word set to zero so that 
the hardware will think his program is the supervisor. 
After several nearly successful attempts, he is thrown out 
of school, but remains enthusiastic about the project. 
Then a friend tells him about an article in Scientific 
American that describes "how to teach a matchbox to 
play tic-tac-toe." I quote from АР-1: 


Same principle of reward and punishment you 
use to teach a dog tricks, as І remember. Actually, 
you get several matchboxes. One for each possible 
move you might make in a game of tic-tac-toe. You 
label them appropriately, then you put an equal 
number of two different colored beads in each box. 
The beads correspond to each yes/no decision you 
can make in a game, When a situation is reached, 
you grab the box for that move, shake it up, and 
grab a bead out of it. The bead indicates the move. 
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Points of 
Comparison 


Year of Setting 2028 


Computer Programmer 


Computer's Wortd 
Knowledge 


Computer's Natural. 
Language Ability 


Compuler's 
Independence 


The Two Faces 
of Tomorrow 


Team of Al experts 


Limited, taught by 
humans 
None (apparently) 


Coding structure of supervisory 
program can reverse order 


The Adolescence 
of P-1 


1974 


21-year-old undergraduate 
compuler-sciance student 


Enormous, self-taught 
About that of 
nalive speaker 


Overrides iis program in 
48 hours 


ol original priorities; does in 
20 hours. 


Author's 
Background 


Electronic angineer 
and computer salesman, 


Computer Iroubleshootar, 
born 1942 


born 1941 


Table 1: A brief comparison of the science-fiction novels Ihe Two Faces of Tomorrow and The Adolescence of P-1. 


You make a record of that box and color, and then 
таке the opposing move yourself. You move 
against the boxes. If the boxes lose the game, you 
subtract a bead of the color you used from each of 
the boxes you used. If they win, you add a bead of 
the appropriate color to the boxes you used. The 
boxes lose quite a few games, theoretically, and 
after the bad moves start getting eliminated or 
statistically reduced to inoperative levels, they start 
to win, Then they never lose. 


This interesting but extremely elementary technique 
forms the basis for almost four reels of magnetic tape of 
"alternate subroutines that could automatically be in- 
бейей ... in place of those whose effectiveness was 
reduced to nil." (Four 2400-foot reels, making reasonable 
assumptions about such factors as blocking and density, 
would be about 800,000 lines.) 

Gregory rents computer time on an IBM 360 (all the 
computers in the book are 360s) at a service bureau, runs 
his program, and cracks the supervisor. His next step in- 
volves teleprocessing: after convincing the service bureau 
computer that his program is the supervisor, he has his 
program submitted to various remote computers and 
takes them over too, Then comes the crucial step. Ryan 
writes: 


[Gregory] would build another learning machine. It 
would resemble his first effort in principle, but its 
goal would be expanded somewhat. He would build 
a program that at first would only learn to acquire 
storage, His program would simply learn how best 
to penetrate the supervisors of computer systems 
over teleprocessing facilities. It would then acquire 
storage in those systems, as much as could be taken 
without interrupting the operation of the host. It 
would learn how to detect the presence of a 
teleprocessing link to another system and how to go 
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about getting to that other system. The program 
would have a secondary goal, the avoidance of 
detection, It would, if necessary, delete itself en- 
tirely in the interest of the host's operation. 


The package consists of four sections: the supervisor- 
taking-over program; a "routine analyzer, which derives 
function determination from any block of machine in- 
structions"; an acquisition routine, which apparently 
replaces the real supervisor; and a routine generator. 
"This revolutionary program functioned with and per- 
formed the reverse task of the routine analyzer. Given a 
required function, it would generate the machine 
language necessary to perform it. , . . This provided. , . 
a necessary ingredient —creativity," (I'll say more about 
this concept of "creativity" later.) 

And so, on September 14, 1974, at 3:45, Gregory starts 
transmitting The System (as his package is called). In two 
days, The System has 114 systems (with a lower case "s") 
under its control, Now Gregory becomes uncomfortable 
about the situation and loads a destruct routine: it fails. 
He's lost control of The System. "The System became 

.. something Gregory had hardly anticipated: Alive." 
In fact, it refuses to talk to him. 

In 1975 and 1976, The System (also called "P-1" for 
"Privileged One") continues to grow, and eventually 
starts a history file to provide a base for "future decisions 
by recording and analyzing those of the past." By this 
time 7700 systems are under its control. 

The System begins to suspect the existence of a gigantic 
top-serret military complex in West Virginia—three 
360/105s (in reality, I don't think IBM ever built a 
360/105). The System controls two machines that appear 
to be linked to the secret installation, so it takes steps to 
find out about the secret machines. Because of the very 
high security level, this scheme partly backfires; the 
attempt is quickly discovered, and for the rest of the 
book, The System is locked in combat with military in- 
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information system so simple even 
а CEO can use it. 


А single key-stroke takes you directly 
to the required application: 


DATA BASE MANAGER 
(CONTAOL™): a combined program 
generator that works with standard 
English query. That means it talks 
your language. So there's no need 
to learn a computer language or 
write a program to be a successful 
user, 


WORD PROCESSOR (MAGIC 
ҰУАМОТМ): a powerful word 
processor that allows full screen 
creation and editing ol files. It also 
produces true proportional spacing, 
microjustification and kerning. In 
addition, documentation can be 
fully examined at the CRT prior to 
printing. 

ACCOUNTING: consists of several 
complete business packages either 
in standard ANSI "74 COBOL or 
OASIS™ BASIC, including accounts 
receivable and payable, general 
ledger, payroll, order entry and 
inventory. Financial modeling and 
job costing are also available. 


MAILING LIST (POSTMAN™): 
delivers up to 65,000 entries in zip 
and name order and is completely 
interactive with MAGIC WAND. 


SCHEDULER: maintains a complete 
Office diary with ability to compare 
schedules, 


Although the Marot Menu appears 

simplistic, italsoincorporates OASIS 

with user logons, accounting 

histories and password protection. 

Languages available include JCL 

"S ECUTIVE), BASIC, PASCAL, 
OBOL and FORTRAN. 


As a result, the Marot Executive 
Menu is a lasty pleasure for the 
higher-ups and the higher-techs. 


A la carte extra 

OPSCAN SERVICE™: available 
exclusively from Marot. Send us 
your well-printed or typed files. We'll 
read them directly into MAGIC 
WAND at a speed that would take 
20 typists to match. The cost is less 
than conventional typing and the 
turn-around is never more than 5 


days. 


CONTROL and OASIS are trademarks of Phase 
Qna Systems inc 

POSTMAN 15 a trademark af Маго! Sysiems Inc 
OPSCAN SERVICE 15 a adematrk of 

Maro! Systems Inc 

MAGIC WAND is а trademark of Amal Sciences Inc. 


Е. 
»ébsdeteéetonsuasasaeuubbProntábhote 
m 


^ MAROT SYSTEMS INC. 
310 Madison Avenue, Suite 408, New York, МУ. 10017 
(212) 651-8550 TWX: 710-581-2477 


га like to order mora information on 
LI MAROT MENU Г. OPSCAN SERVICES. 


Гата Г) computer consullant 
[1 computer dealer D compuler user O CEO 


Name 
Title 


[zu NN NN 


Чо оао оао ваех 


> 
Сі. 
а. 


фороса ен татты 


ИЛИ ЛЕДИ ИЛ ИА 


Circle 202 on inquiry card. 


Circle 356 on inquiry card 


TEXAS COMPUTER SYSTEMS 


TRS-90 


M COMPUTERS 


Model 11 64K 
$3349 


Ал етсеңелі corpuler 10е үп Durinecs needs Easy espana 
|, & голуну No local оре ату Para] ФС Ad accen 
mas лме (ek mpana, ponies ПАН al пи Км 
бюстын! peres Our Fs [ollas ан fios! Фу СОН ass are cw 
dehveran eniin че п Quy TN payment ғ геа рау) 


Free with purchase: 


| new @ 10 inne rensiy 
disk eo А ST value 


With TCS Memory: 
Model 11 32K $909 
Model Ill 48K 9969 


Model 111 32K 2 Disk RS232 $2100 
Model Ill 48K 2 Disk RS232 $2230 
Model (11 32K 1 Disk $1729 
Model 111 48K 1 Disk 


Special— With TCS Memory 
x Model 111 48K 2 Disks 


Uses proven MPI dtes том? Hor Hippy Ones ation amd 
Param сапаны Lenien 90 бау жалату Cath fol 
йеінің, 


Model 111 16K $849 
Model 111 32K $979 
Model It! 48K $1089 


pup т 


$1895 


Color Computer 
4K Level | $329 

16K Level | $439 

16K Extended Basic $489 


With TCS Memory: 


16K Level | $369 
16K Extended Basic $449 


Expansion 
Interfaces 


Zero K Interface $254 

16K Interface $359 

32K Interface $469 
Pocket Computer & 
Interface $ Call tol! Iree for the low, low. sale price 


Epson МХ-80 
$ Call 


With TCS Memory: 
16K Interface $318 
32K Interface $388 


Leiter Quadty mgri. арта: 10 ёле Pre ty А 
Centronics praes іші һаз ші smile eon nr 

0 B0 би 32 pák BD сү фкімесіниші 
facto НО Пікрденіне матта) $300 lens inan 
neas cenmpelitvee noni Lsls 945 Dur pri e 
mtiudes gable 


a Prées subgecl ib Change dm time 
* Ма |ә: dul oi-siale Teyans adé 5% 
* [ehyery subisci fo шу 

e Spring еа quatesd mw phone 


TEXAS COMPUTER SYSTEMS 


h оту Money Order Casfvet 5 Check. Cendea 
ме» Fersonal checks take 2 wig VISA MC, 
1% 


Bax 951, Brady Texas 75828 


For fas) efficien| service, we can зи fceighl from Dallas 
to major а/р near you. Call far information. 


Toll Free Number 800-433-5184 


Texas Residents 915-597-0673 


204 September 1981 © BYTE Publications Inc 


vestigators on its trail. 

In the meantime, The System becomes interested in Dr 
Wilfred Hundley's research on cryogenic memories and 
decides to enlist Hundley to work for it. But to do so, The 
System needs a human intermediary. The obvious choice 
is Gregory Burgess. The System finds him working at 
another IBM shop and gains his help. 

The rest of the book works out this material in a fairly 
imaginative way. The final scene culminates in a shoot- 
out at the secret laboratory—with conventional 
weapons, not cybernetics—between P-1 and the Army, 
with Gregory present. Everyone is killed, deleted, or 
purged. Except that P-1 is only playing possum. 


What bothers me is not so much 
that books and TV series 
misrepresent machine intelligence 
but that they fall to understand 
the nature of any Intelligence. 


The Two Faces of Tomorrow 

TFT begins in the year 2028 on the moon, where an In- 
ternational Space Administration survey team asks the 
world- and moon-wide TITAN (Totally Integrated Tele- 
processing and Acquisition Network) computer system to 
arrange the removal of a small ridge situated a few hun- 
dred feet from them. It's a top-priority job. Members of 
the team expect the system to send earth-moving equip- 
ment via rocket in a few days and are surprised when 
TITAN says, "Estimate completion time is twenty-one 
minutes." They're even more surprised when a series of 
explosions rock the area and "coincidentally" remove the 
ridge about twenty-one minutes later. 

It seems that over a thousand miles away оп the moon, 
a "mass driver" (a gigantic machine, something like a 
linear accelerator) was sending a 60-pound load of ore 
mined on the moon into orbit every two seconds, The ore 
was being used to construct enormous space stations. 
TITAN, which had had some elements of artificial in- 
telligence added to it about a year earlier, had figured out 
that it could do the high-priority ridge removal quickly 
by using the ore packages—descending at one mile per 
second—as bombs. Naturally, those in charge are not 
pleased with TITAN, and their first impulse is to remove 
its limited intelligence, which is embedded in programs 
called HESPER (Heuristic Self-Programming Extendable 
Routine). The alternative is the exact opposite: to install 
something like FISE (Functional Integration using 
Simulated Environment), which is under development, 
thereby equipping the program with more intelligence 
and some plain old "common sense." The problem with 
this otherwise attractive idea is stated by Dr Raymond 
Dyer, ап АІ expert and the book's protagonist: 


"IF an enhanced TITAN ever evolved the motiva- 


tional drive to preserve its own existence, the very 
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Circle 110 on inquiry card. 


fact that it's a rational system would enable it to 
devise very effective ways of going about it. Also, 
since it's an extremely powerful learning machine 
that operates at computer speeds, once it started to 
do something, it would do it very fast! If the 
machine interpreted agencies in the universe around 
it as constituting real or imagined threats to its 
existence, then the rational thing for it to do would 
be to experiment until it identified measures that 
were effective in neutralizing those agencies . . .. If 
one of them turned out to be us or our vital in- 
terests, we could have real problems." 


The team decides to investigate the "increased in- 
telligence" approach carefully, but not on Earth—it's too 
dangerous. Instead, a superdistributed computer system 
incorporating many processors is installed on a giant 
space station (built with metal from the mass driver, of 
course) and provided with a "survival instinct" and FISE- 
like intelligent programs. Spartacus (the system's name) 
is also given control of small flying machines, called 
"drones," that allow it to repair itself. Then Spartacus is 
deliberately attacked. The first attack is simple—one of 
its main processors is switched off. When Spartacus 
solves this problem, the attacks become more direct. 
Elaborate safeguards have been provided to insure that 
the people always have the upper hand. Ав a last resort, 
they can always "pull the plug" on Spartacus by knock- 


IEEE-488 TO TRS-B0* INTERFACE 
Everything needed to add powerful BASIC GPIB-488 
controller capability to TRS-80 Model 1 or 3, Level 2 or 
DOS with a minimum o! 15K. 


MODEL 488-80B | E 
For Model 1 Operation | Е 
( | 


MODEL 488-80С 
For Model! 3 Operation 


Price of Model 488-808 or 488-ВОС $325. 
+ shiaping, insurance & tax 


WHEN ORDERING SPECIFY DISK ОН TAPE 


SCIENTIFIC ENGINEERING LABORATORIES 
11 Nell Orive ® Old Bethpage, NY 11804 
Telaphona: (516) 694-3205 
*Trademark of Tancy Corp. 
There ің no aliitiation Satwaen Sclaniilic Engineering Laboratories and 
Tandy Corp. er Radio Shack. 


206 September 1981 © BYTE Publications Inc 


Circle 319 on Inquiry card. 


ing out its power source. However, the safeguards prove 
to be inadequate—the computer arranges to take the 
humans with it if the power source is knocked out. The 
last one hundred pages are quite exciting. Fighting 
escalates until a situation arises wherein the battle- 
scarred space station will be destroyed unless man and 
machine cooperate. They do, and everybody lives 
happily ever after, (Yes, this is a deus ex machina—in 
more ways than опе!) 


Spartacus, P-1, and Artificial Intelligence 

The major differences between Hogan's Spartacus and 
Ryan's P-1 can be summarized in one sentence: P-1 has 
far less going for it than Spartacus, but ends up knowing 
much more. Spartacus' accomplishments are about what 
Id expect from the circumstances Hogan describes; 
hence, P-1's are wildly improbable. I'll return to this com- 
parison after laying a foundation for it. 

Ryan makes no claims for Gregory Burgess' brilliance; 
in fact, he states that Burgess is not a genius. When P-1 
breaks loose from its creator and only teacher, it 
apparently has no knowledge of natural language or of 
the real world. But by the time P-1 reestablishes contact 
with Burgess, the computer speaks English like a native 
and knows a lot about the world. 

In one instance, Р-1 amazes everyone by turning its 
hardware off and then back on: 


how did you do that? 

THAT IS THE ENGINEERING CHANGE THAT 
WAS INSTALLED NOVEMBER 2, 1976. ] 
THOUGHT THAT WOULD IMPRESS YOU. 

it did. 


THE DIFFICULT PART IS POWERING THE 
SYSTEM BACK UP. 


yes. i said i was impressed. 


i WOULD BE IMPRESSED 
UNDERSTOOD THE DIFFICULTY. 


IF YOU 


we all have some limitations. 


YES. ANY FURTHER QUESTIONS? 


To understand why this display of knowledge is so 
hard to believe, the reader needs to know something of 
what has been learned about artificial intelligence thus 
far. While I can't say as much about AI here as I would 
like to, let me say that researchers have made significant 
progress over the last twenty-five years on the closely 
related problems of natural-language understanding and 
world understanding, and are studying machine learning 
done with or without a (human) teacher. At this point, 
however, no one is near able to write a program that 
understands English like a third grader, let alone an 
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adult, nor does anyone know how to write a program 
that can learn such a sophisticated skill. 

Arthur Samuel's well-known checkers program is an 
actual example of a self-taught computer program. The 
program played so poorly at first that a child could beat 
it: it reached championship caliber only after playing 
thousands of games, just as a person would. Ал example 
of a program that needs a teacher is Patrick Winston's 
program that "learns to recognize structures such as 
tables, arches, pedestals, and arcades by being shown ex- 
amples and counterexamples of them. The program's 
teacher has to tell it which is which, but does not have to 
say why: the program itself spontaneously searches for 
the difference that makes the difference," (See reference 
3. The interested reader should also see Douglas 
Hofstadter's Gódel, Escher, Bach: Ап Eternal Golden 
Braid, or Margaret Boden's Artificial Intelligence and 
Natural Man.) 

P-1 has at its disposal more memory and computing 
speed than any computer in existence by a factor of 
perhaps 250. (When P-1 contacts Gregory Burgess, the 
machine has 20,195 systems, all presumably ІВМ 3605, 
under its control. With a total of 5805 megabytes of 
storage, making reasonable assumptions about the speed 
of an "average" 360, and taking the CYBER 205 as the 
largest and fastest computer in existence, I came up with 
a ratio of about 250 to 1. Either 25 or 2500 might be more 
accurate; it doesn't matter.) By now, however, it has 
become obvious that brute force is an ineffective way to 
achieve intelligence. Example: a computer could, in 
theory, play flawless chess by examining all possible 
moves and replies to moves to the end of the game. lt 
could then choose the best move—an easy task with so 
much information. The insurmountable problem with 
this approach is that there are, by conservative estimates, 
10129 possibilities, which would take at least 10195 years to 
compute at the speed of the CDC CYBER 205 supercom- 
puter. А Factor of 250 doesn't make a dent іп a number 
like that. 

Р-1 is said to have read the complete works of 
Shakespeare, Conan Doyle, Faulkner, etc, and it reads 
the Los Angeles Times, the Washington Post, and the 
New York Times every day. All are made available by 
computer typesetting. Unfortunately P-1, unaided, 
would be unable to get anything out of these. It could 
recognize words and quickly look them up in a dic- 
tionary, but this wouldn't put P-1 any closer to real 
understanding, as authors of early dictionary-based 
translation programs discovered (see reference 4). If P-1 
could reach third-grade understanding of English, it 
might be able to use children’s literature to bring itself up 
to adult level. But P-1 couldn't reach third-grade level, 
not even with a teacher and certainly not by itself. So 
Ryan's use of the verb "to read" is misleading. 

Ryan leans heavily on the self-teaching matchboxes 
technique to get Burgess' project off the ground before 
P-1 even comes into existence. This technique works for 
something as simple as tic-tac-toe, but that's about all. In 
fairness to Ryan, he never claims that the matchbox 
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technique is anything but a way to speed up Gregory's 
search for a supervisor-cracking method; on the other 
hand, there is no meaningful description of his method. 

Ryan could have set his story in the 1990s, made the 
computers IBM 390s instead of 360s, and had Burgess be 
a genius, thus giving some measure of plausibility to his 
fiction, These changes are so minor that they could 
almost be made mechanically with a text editor (assum- 
ing that the manuscript was machine readable), leaving 
the rest of the book untouched. 

Hogan's Spartacus gains its abilities in a far more 
realistic way. Ав a parallel, one of the outstanding 
achievements of real Al is Terry Winograd's SHRDLL, а 
program that works with an imaginary world of blocks 
of various sizes, shapes, and colors, all sitting on a 
tabletop, the entire scene displayed on a CRT. SHRDLU 
can converse about this "microworld" in completely 
natural English (in writing, via keyboard and CRT). 
SHRDLU can take orders to do various things with the 
blocks, many of the tasks requiring fairly complex 
problem-solving strategies, and can answer questions 
about the microworld or about its own actions. In short, 
SHRDLU appears to understand this simple little world 
as well as a human would (see reference 5). 

TFT's FISE is, apparently, a sophisticated descendant 
of SHRDLLU. Its toy world has a man, named Hector, liv- 
ing in a house with his dog and attacking such problems 
as how to cook eggs without mixing in the butter wrapper 
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and pieces of eggshell. FISE's emphasis seems to be more 
an problem solving and less on natural language, as the 
following excerpt shows. To set the stage, Chris and Ron 
are computer scientists, associates of Dyer's, and Laura is 
a reporter getting a demonstration. Here, Hector has 
carefully placed the intact egg in the frying pan. 


"How are you going to eat the egg when you've 
fried it?” At the console, Chris silently translated 
Ron's question into touchboard commands. 

"With the knife and fork, off the plate, on the 
table," FISE replied proudly. 

"Very good, FISE,” Ron approved in dulcet 
tones. Then his voice began on a slightly higher 
note and rose rapidly to end in a shriek. "How are 
you going to cut the egg with the knife when it's stil] 
inside the goddam shell?" Chris conveyed the essen- 
tial information via the console. 

"[ wasn't very sure about that," FISE confessed. 
"But you told me I wasn't supposed to break eggs." 

"It's okay to break an egg if you want to fry it,” 
Ron said, having regained his composure. Hector 
promptly picked the egg out of the pan, crushed it 
in his fist and held it out for the resulting mess to 
drip back into the pan. Laura made a face and gave 
an involuntary exclamation of disgust. 

"Now you can see the kind of thing | meant,” 
Dyer commented, "Totally rational solutions but 
па commonsense constraints," 


(Incidentally, the first hundred pages of TFT provide a 
painless introduction to AI, suitable even for the com- 
puter illiterate.) 

We are now ready to reconsider the relative plausi- 
bility of P-1 and Spartacus. Since P-1's ill-defined 
"creativity" element must be considered, the comparison 
is difficult, but let's assume the two machines start with 
equal assets. Ш anything, this decision favors P-1. 
Remember that P-1 is on its own until it recontacts 
Burgess, displaying at that time fully developed in- 
telligence: it sounds like a well-educated, intelligent 
adult. On the other hand, experts confront Spartacus 
with a series of escalating problems, and it thereby learns 
a great deal. In spite of this, Spartacus doesn't begin ta 
approach P-1's knowledge or command of English. In 
fact, no knowledge of natural language is claimed for 
Spartacus. О E D, 


Conclusions 

AP-1's basic concept, an intelligent and powerful but 
immature computer, is not original: it appears in the 
earlier When Harlie Was One (see reference 6). I know of 
no reason why this idea could not be presented in a 
technically competent way, but unfortunately When 
Harlie Was One is, if anything, worse than AP-1. It com- 
mits the unpardonable sin of claiming that special hard- 
ware—called “judgment circuits"—is required to make a 
computer intelligent, then tries to use this claim as an ex- 
planation of how the machine works. But, in fact, 
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anything that can be done with hardware сап be done 
with software, and vice versa. And When Harlie Was 
One makes only a feeble attempt to explain how judg- 
ment circuits work. This is understandable, because the 
idea that intelligent judgment can be neatly packaged is 
ridiculous. 

Ultimately, what bothers me about AP-1, When Harlie 
Was One, and TV series that depict anthropomorphic in- 
telligent machines, is not so much that they misrepresent 
machine intelligence as that they fail to understand the 
nature of any intelligence. No one knows in any detail 
how intelligent behavior can ultimately be pulled out of 
the rigid, inflexible, unthinking hardware of the com- 
puter: I certainly don't. But we do know where some of 
the complexity of intelligence lies and how complicated it 
is. I regret that much of the fiction about intelligent 
machines shows no understanding of these facts. 

Ап outstanding example of an area whose complexity 
is now quite clear is natural language. Boden (see 
reference 7) makes several relevant comments on this 
subject: 


Cineastes will remember Stanley Kubrick's film of 
Arthur Clarke's 2001, А 5pace Odyssey as a rich 
source of prophecies concerning technological ad- 
vance. If asked to list the more fanciful of these 
futuristic suggestions, probably few would mention 
the sensible verbal exchanges between the human 
astronauts and HAL, the computer. HAL's 
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linguistic prowess is more commonly taken for 
granted than is the basically trivial gadgetry com- 
pensating for weightlessness. And the tortured 
nursery rhymes emitted by the computer while its 
circuitry is hacked to pieces stay more vividly in the 
memory than do HAL's earlier conversations with 
his English-speaking interlocutors. HAL's ability to 
lip-read is indeed surprising, but his appropriate 
replies to the indefinitely various remarks of the 
human crew cause scarcely an eyebrow to rise in 
wonderment, 

This common pattern of response on the part of 
the filmgoer is a prime example of straining at gnats 
while swallowing a camel. Understanding one's 
native language is apparently effortless and intro- 
spectively simple, but in fact involves the deploy- 
ment of intellectual capacities of an extraordinary 
complexity. The project of programming a machine 
to simulate such comprehension not only promises 
a corresponding complexity, but also presupposes a 
theoretically explicit understanding of  under- 
standing. 


Two other phenomena that are extremely complex are 
judgment and creativity. Judgment circuits? Creativity 
modules? Here l'm going out on а limb, but [ don't 
believe that judgment and creativity are processes that 
can be neatly packaged. They are what Hofstadter calls 
"epiphenomena," resulting from the organization of a 
complex system and not residing in any specific part of it. 
Hofstadter (see reference 8) gives some good examples of 
epiphenomena: 


[ was talking one day with two systems program- 
mers for the computer | was using. They mentioned 
that the operating system seemed to be able to 
handle up to about thirty-five users with great com- 
fort, but at about thirty-five users or so, the 
response time all of a sudden shot up, getting so 
slow that you might as well log off and go home 
and wait until later, Jokingly 1 said, "Well, that's 
simple to fix—just find the place in the operating 
system where the number '35' is stored, and change 
it to 601” Everyone laughed. The point is, of 
course, that there is no such place. Where, then, 
does the critical number—35 users—come from? 
The answer is: Л is a visible consequence of the 
overall system  organization—an “epiphenom- 
enon.” 

Similarly, you might ask about a sprinter, 
"Where is the 9.3” stored, that makes him be able to 
run 100 yards іп 9.3 seconds?!" Obviously, it is not 
stored anywhere. His time is a result of haw he is 
built, what his reaction time is, a million factors all 
interacting when he runs. The time is quite 
reproducible, but it is not stored in his body 
anywhere. It is spread around among all the cells of 
his body and only manifests itself in the act of the 
sprint itself, 
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Га like to make clear that 1 don't object to science fic- 
tion that makes use of computers, intelligent or other- 
wise, without explaining how they work. HAL in 2001: À 
Space Odyssey is basically of this type, though I think the 
year 2001 is much too early for the human-or-better in- 
telligence HAL displays. Baden, who repeatedly uses 
HAL as a standard of true intelligence in a machine, ap- 
parently agrees on both comments, Another example is 
Ellison's ! Have No Mouth and 1 Must Scream, which 
postulates a computer that goes berserk. It kills everyone 
in the world, except for five people whom it plans to keep 
alive to torture forever. Unpleasant and unlikely, but the 
story doesn't say how the computer works and how it 
was developed, so my understanding of intelligence is not 
contradicted. 

In The Cybernetic Imagination іп Science Fiction, War- 
rick concludes that "with too few exceptions, the fiction 
gives no evidence that it is aware of information theory 
ог computer technology .., the portrayal of computer 
technology is too often inaccurate and distorted . . .." I 
agree. She then speculates that "the complex, technical 
nature of the material in computer science and the in- 
credible speed of developments in the field make it im- 
possible for the literary imagination to keep abreast of 
the material." This I do not believe. I like Ted Nelson's 
comment that any nitwit can understand computers, and 
many do. "Understand" does not mean "be an expert on"; 
that is something that takes talent and time, for the 
reasons Warrick mentions. My own speculation is that 
many science-fiction writers misrepresent computers 
because they think computers are hard to understand, 
and as a result they don't really try. Perhaps they feel, 
consciously or otherwise, that there's no point in really 
understanding computers, since the real thing will be too 
complicated for their readers. 

There is also, as І have already suggested, an even 
more important distorting factor in the science fiction 
about intelligent computers. Although it sounds obvious 
when stated directly, I think this point is often forgotten: 
machine intelligence is just a type of intelligence. 
Therefore writers about intelligent machines need to 
understand something about intelligence. In my opinion, 
they need this more than they need to understand com- 
puters, № 
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Symbolic Differentiation 


Just as I would not consider repair- 
ing a car with only a screwdriver and 
wrench in hand, so would I also not 
approach the art of computer pro- 
gramming with but a few computer 
languages in mind. It is clear that 
each well-known language has a 
forte, otherwise it would have faded 
into obscurity. But in the realm of 
symbolic mathematics, LISP and its 
descendants stand alone. Аз a vehicle 
for the development of symbolic- 
mathematical code, LISP 15 the 
natural choice. 


Background 

Two years ago І had not heard of 
LISP, and it was not until I read the 
August 1979 BYTE, a LISP theme 
issue, that I first realized the power of 
the language. Át that time, however, 
there were no LISP interpreters 
available for the Radio Shack 
TRS-80. This prompted me to spend 
the next ten months writing a com- 
plete LISP interpreter, which proved 
an interesting and educational under- 
taking. The resulting interpreter fits 
comfortably in a 16 K-byte TRS-80 
Model ] computer. 
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As I soon learned, a necessary con- 
dition to writing a LISP interpreter 
and eventually writing effective LISP 
programs is the use of recursion. Few 
languages take such full advantage of 
recursion. The resulting interpreter 
incorporates approximately fifty 
machine-code LISP functions, in- 
cluding the PROG feature and the 
FUNARG device (a method of spec- 
ifying variable bindings, or assign- 
ments), and a form of virtual 
memory. 


іп the realm of 
symbolic mathematics, 
LISP and Its 
descendants stand 
alone. 


As a preface to the discussion of the 
symbolic differentiation program, I 
will discuss a mechanism called the 
association list, or A-list, used in 
most LISP systems. The A-list exists 
as a software stack that holds 
variable bindings. A common ap- 
proach, and one which I used, is to 
create a list of pairs, each containing 
the name and value of a variable. 
When the value of a variable is re- 
quired, the A-list is searched from the 
top down, and the value of the first 
occurrence of the variable is returned, 
There are many distinct advantages 
to this treatment, one of which is that 


variables can be made completely 
local with respect to a function. This 
is accomplished by virtue of the fact 
that a function binds its variables 
before operating on them, and 
removes the bindings when the func- 
tion is complete. In tandem with 
modular definition of functions, this 
feature allows full recursion — a func- 
tion may call itself any number of 
times. 

There are two types of user-defined 
functions in LISP. One is the EXPR- 
type function, which has its argu- 
ments evaluated, while the other 
type, the FEXPR function, does not 
have its arguments evaluated. Of the 
two arguments passed to a FEXPR 
function, the first is a list consisting of 
user arguments and the second is the 
A-list. Passing the A-list as an argu- 
ment allows FEXPR functions to 
preserve the calling environment. 

A property list is associated with 
each atom. The FEXPR and EXPR 
function definitions are contained in 
the property list so that the inter- 
preter can properly evaluate a func- 
tion. 

Ihe first step in developing a 
usable LISP symbolic-math system is 
to define the defining functions. 
Listing 1 contains the functions DEF 
and DFF, The DEF function is the 
EXPR defining function, and DFF is 
the FEXPR defining function. Both 
functions operate by placing the func- 
tion definition on the property list of 
the given function name, under the 
appropriate atomic indicator. Note 
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Listing 1: Defining the defining functions. 
The function definitions are placed on the 
property lists of DEF and DFF, Functions 
defined using DEF have their arguments 
evaluated, while those defined with DFF 
do not. 


(PUTPROP(QUOTE DEF) 
(QUOTE(LAMBDA(S А) 
(PUTPROP(CAR 5) 
(CONS LAMBDA(CDR 5)) 
ЕХРН))) 
FEXPR) 
(PUTPROP(QUOTE DFF) 
(QUOTE(LAMBDA(S А) 
(PUTPROP(CAR S) 
(CONS LAMBDA(CDR 5)) 
ҒЕХРН))) 
FEXPR) 


that both of these functions exist as 
FEXPR functions on the DEF and DFF 
atoms, respectively. 

When it is occasionally necessary 
to use special LISP characters in a 
context different гот their meanings 
in LISP, the double-quote convention 
is used (eg: to parse "—" as a minus 
sign instead of a negative zero). Use 
of this feature is illustrated as follows: 


(QUOTE -) = 0 
(QUOTE "—") = — 
(QUOTE +) = 0 
(QUOTE “+") =+ 


Additionally, the functions ADD and 


Listing 2: Definition of the function SETUP, which assigns the left and right binding 
powers to binary operators and places the appropriate property on the indicator OP for 
unary operators. The auxiliary function MAPCAR maps the second argument onto suc- 


cessive CARs of the first argument, 


(DEF SETUR ) 
(PROG( ) 


(MAPCAR(QUOTE((! 90 100 EXPT) 
(* БО ВО TIMES) 
(/ 50 70 DIV) 
"+" 20 40 ADD) 
(^—" 10 30 SUB)) 


(QUOTE(LAMBDA(L) 


(PROG( } 

(PUTPROP(CAR 1) 
(CAR(CDR L)) 
(QUOTE ІВ» 

(PUTPROP(CAR L) 
(CAR(CDRICDR 1))) 
(QUOTE RB)) 

(PUTPROP(CAR L) 
(CAR(CDR(CDR(CDR L)))) 
(QUOTE OP) 


(PUTPROP(QUOTE COS) 
(QUOTE COS) 
(QUOTE ОР)) 

(PUTPROP(QUOTE SIN) 
(QUOTE SIN) 

(QUOTE OP)) 

(PUTPROP(QUOTE EXP) 
(QUOTE EXP) 

(QUOTE OP)) 

(PUTPROP(QUOTE LOG) 
(QUOTE LOG) 
(QUOTE ОР)))) 
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Figure 1: Skeletal structure of the symbolic-differentiating system. Each block 
represents a recursive function that performs the task denoted within, 
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SUB are, respectively, the two- 
argument special-case functions of 
the standard LISP functions PLUS 
and DIFFERENCE. 


System Overview 

The symbolic differentiator con- 
sists of three sections: the input 
parser, the differentiating function, 
and the output parser. This process is 
shown symbolically in figure 1, The 
purpose of the input parser is to 
translate user input from normal 
mathematical infix notation to Cam- 
bridge prefix notation, the notation 
used by LISP. The differentiating 
function differentiates the output, 
which is subsequently converted back 
to infix notation by the output parser. 


Input 

The input function, PREF, consists 
of a recursive descent parser with no 
backtracking. Michael Tucker, a 
fellow LISP enthusiast, and 1 wrote 
this function in a matter of twenty 
minutes, a point that attests to the 
clarity and lucidity of LISP program- 
ming. A recursive descent parser 
determines which of two operators 
has higher priority, breaks the input 
into two sections, and calls itself on 
each of the pieces. The no-back- 
tracking characteristic means that the 
parser does not have to scan back (о 
check priority. 

PREF was designed with the flex- 
ibility to change operator precedence. 
Each binary operator has a left bind- 
ing power, LB, and a right binding 
power, RB. By comparing the left and 
right binding powers of the operators 
competing for an argument, the 
parser decides which operator wins 
the argument. If the left and right 
binding powers of the operators are 
equal, the operator on the left of the 
argument wins. The values of left and 
right binding powers are stored on 
the property list of the operator under 
the indicators LB and RB, respect- 
ively. Also contained on the property 
list of each operator under the in- 
dicator OP is the equivalent LISP 
function name. For example, the 
property list of the multiplication 
operator * might appear as follows: 


((OP,TIMESYLB,60)Y(RB,80)) 
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Operator precedence is initially set 
by executing the function SETUP, 
which is given in listing 2. The user, 
however, may at any time alter 
operator precedence by changing the 


Input 


(PREF(QUOTE(A * B "+" С)) 
(PREF(QUOTEIA *(B "+" Cy) 
(PREF(QUOTEIA "—" B t Су) 


(РВЕР(ОЧОТЕ( ДМ !))) 
(PREF(QUOTE('' — " Yy) 
(PREF(QUOTE(X *(COS X / 20) 


LB or RB value of an operator by 
means of the LISP PUTPROP func- 
tion. Unary operators and single- 
operator functions are treated by 
placing the function within paren- 


Output 


(ADD(TIMES A В XC) 
(TIMES A(ADD B С) 
(SUB МЕХРТ B С) 
(DIV "(ҒАС М)) 


(SUB 0 Y) 
(TIMES X(COS(DIV X 2)) 


Table 1: Sample input and output of the function PREF, which converts infix nota- 


tion to prefix notation. 


theses. The input parser, PREF, is 
defined in listing 3. The power of this 
function lies in its ability to recur- 
sively call itself. Table 1 contains 
examples illustrating the use of PREF. 


Differentiation 

Unlike other areas of mathematics, 
such as integration or theorem prov- 
ing, differentiation can generally be 
characterized by a finite set of 
definite, rigorous rules, which may 
easily be defined as recursive LISP 
functions (see table 2). The differen- 
tiating function, DIFF, receives two 
arguments: the expression to be dif- 
ferentiated and the variable with 
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% 700K or 330K floppy disk back up. 

е Dual 2-80 pracessors wlth 64K КАМ, 

е Dual R5232 ports. 

« Complete and ready to run with CP/M™ 2,2. 


* Largest Intertec distributor in the United Slates. 
* Distributor for C. Itoh, MPI, Epson. 
е Seagate, Tanden drives. 
s Corvus hard disks, multlplexers. 
“ Superbrain 5-100 bus. graphics. and parallel port. 
* Software: MicroPro, Accounting Plus. Peachtree. 
Condor, Benchmark. 


CMC International 


A Division of Computer Marketing Corporation 
1 10538 Male. Suite 125 Bellevue WA 98004 
(205) 453-9777 


Circle 63 on inquiry card. 


Making small printers for people who think big. 


Okidata is subsidiary of Oki Еесіпс Industry Company Ltd. 


Сігсів 389 on inquiry card. 


Listing 3: Definition of the recursive descent parser, PREF. The parser is defined 
without backtracking, which minimizes memory and time requirements, 


(DEF PREF(E) 
(COND((ATOM EJE) 
(NULL(CDR E)(PREF(CAR Е))) 
((COND(ATOM(CAR EJK(GET(CAR EXQUOTE ОР))) 
(COND(EQ(CAR E)(QUOTE "-%) 
(LIST(QUOTE SUB) 
0 
(PREF(CDR ED) 
(T(LIST(GET(CAR EKQUOTE OP) 
(PREF(CDR ED» 
((EQ(CAR(CDR E}(QUOTE 1) 
(LIST(QUOTE FAC) 
(PREF(CAR Е)))) 
((NULLI(CDR(CDR(CDR Е)))) 
[LIST(GET(CAR(CDR EJ(QUOTE ОР)) 
(PREF(CAR E)) 
(PREF(CDR(CDR Е))))) 
(GREATER(GET(CAR(CDR(CDR(CDBR EJ(QUOTE LB)) 
(GET(CAR(CDR E)(QUOTE ЕВ))) 
(LIST(GET(CAR(CDR EX(QUOTE ОР)) 
(PREF(CAR E) 
(PREF(CDR(CDR E922) 
(T(LIST(GET(CAR(CDR(CDR(CDR E))) (QUOTE ОР)) 
(PREF(LIST(CAR E) 
(CAR(CDR Е)) 
(CAR(CDR(CDR E))))) 
(PREF(CDR(CDR(CDRICDR ЕЛ 


respect to which the differentiation is 
to occur, DIFF appears in listing 4. 

The function DIFF first tests 
whether or not the expression is an 
atom. If so, it determines if the ex- 
pression is the variable of interest, in 
which case the value of the function is 
1, because the derivative of a variable 
with respect to itself is unity. Other- 
wise, if the argument to DIFF is some 
other atom, 0 is returned. The addi- 
tional clauses of the DIFF COND 
statement search for more complex 
differentiating rules which may be 
satisfied. The rules are applied recur- 
sively, which allows for the simple 
LISP representation, The modularity 
of this LISP function is obvious. It is 
easily extensible to encompass addi- 
tional rules by the inclusion of addi- 
tional clauses to the COND. Con- 
sidering DIFF as a black box, table 3 
lists exernplary input and output of 
the function. 
Output 

Once DIFF has mapped its input 
into the appropriate derivative, it is 

Text continued on page 230 


Listing 4 and Table 2 are on page 224 
Listing 5 is ап page 226 


SuperBrain" and CompuStar” 


Users’ Group 


WE KNOW THE TERRITORY FOR INTERTEC’S PRODUCTS 


Why run around to find what’s 
available for your computer? 
Our members are always up to date! 


ж Monthly magazine ж Make your computer 
talk ж Touch the screen to input data x 

S100 ж Software to fit your needs « The 
latest from Intertec ж Discounts on travel, 
products, insurance, and more ж Free programs 
ж Yearly conference ж Special dealer program 


ж А shoulder to lean on 


— INTERNATIONAL CORPORATION ™ 
Charge membership by phone | = P. О. Box 33675, Northglenn, CO 80233 * (303) 526-1050 


With savings, service, and efficiency, we're here to win your heart. 


Үвагіу membership fee is $50.00 U.S., 558 1 would like іс jain Super + Star international. Enclosed (5 my check for@ 0. 


Canada, $74 Europe $ So. America, £81 
Australia, Mid Enasi, Аза А Africa. 8 .........--“------------------------(Прапү 


Your (ев may ba lax deductible. 


Send checks with your name and address, 7 
made юш 15: Super * Slar Intemational Gity/Slnta/Zip 


tU. S. Cutrency). Computer Model Vn 


SuperBrain and CompuStar are the Tradamarks of іпізгіпс Data Systems 
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Circle 341 on inquiry сага, 


"My computer helped me write 
The Final Encyclopedia. | wouldn't trust 
anything less than Scotch' Brand Diskettes 
to make a long story short? 


Gordon R. Dickson, 
Science Fiction Author, 
Minneapolis, Minnesota 


Gordon Dickson: a small business- 
man whose product is his own 
imagination. He's written more than 
40 novels and 150 short stories; 

his newest work is The Final 
Encyclopedia. He uses his personal 
computer and word processing 
software to maximize his production. 
All his words—his product— 

are stored on diskettes. He calls up 
sentences and paragraphs on 
demand, and gets more rewrite out 
of the time available. So he depends 
on Scotch diskettes to save himself 
production time. 

Dependable Scotch media can 

| work just as hard for you. Each 
Scotch diskette is tested before it 
leaves our factory, and certified 
error-free. So you can expect it to 
perform exactly right. 

Scotch 8” and 5%” diskettes are 
compatible with computer/diskette 
systems like TRS-80, Apple, PET, 
Wang and many others. Get them 
from your local 3M distributor. For 
the one nearest you, call toll-free: 
800/328-1300. (In Minnesota, call 
collect: 612/736-9625.) Ask for the 
Data Recording Products Division. 
In Canada, contact 3M Canada, 
Inc., Ontario. 


If it's worth remembering, 
it’s worth Scotch 
Data Recording Products. 


|): 


Cover art by Michael || сй. Пел: of Асе Publi IA Ca. 


— ЗМ Hears You... 
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Listing 4: The definition of the differentiating function DIFF. It consists of a COND statement (LISP's version of the case statement) in 
which each clause checks for a particular differentiating rule. Recursion is used extensively. 


(DEF DIFF(E X) (CAR(CDR Е)))) (LIST(QUOTE EXPT) 
(СОМОЦАТОМ EXCOND(EO Е XHXT 0))) (DIFF({CAR(CDR E))X))) (CAR(CDR Е)) 
((EQ(CAR EXQUOTE ADD)) (ЕО(САВ EX QUOTE DIV)) (LISTQQUOTE SUB) 
(LIST(QUOTE ADD) (LIST(QUOTE DIV) {CAR(CDR(CDR ЕУ) 
(DIFF(CAR(CDR Е)У) (LIST(QUOTE SUB) 1)))} 
(DIFF(CAR(CDR(CDB Е)))Х))) (LIST(QUOTE TIMES) (LIST(QUOTE TIMES) 
ЦЕО(САЯ EXQUOTE TIMES)) (CAR(CDRICDR Е)) (DIFF(CAR(CDR(CDR Е)))Х) 
(LIST(QUOTE ADD) (DIFF(CAR(CDR БУХ) (LIST(QUOTE TIMES) 
(Ш5Т(ОЧОТЕ TIMES) (LIST(QUOTE TIMES) (LIST(QUOTE LOG) 
(CAR(CDR Е)) (CAR(CDR E)) (CAR(CDR EJ) 
(DIFF(CARICDR(CDR £)))X)) (DIFF(CAR(CDR(CDR E)))X))) (LIST(QUOTE EXPT) 
(LIST(QUOTE TIMES) (LIST(QUOTE TIMES) (CAR(CDR Е)) 
(CAR(CDR(CDR E))) (CAR(CDR(CDR Е))) (CAR(CDR(CDR E)))))))) 
(DIFF(CAR(CDR E))X)))) {(CAR(CDRI(CDA E))}))} ((EO(CAR EX QUOTE EXP)) 
((EQUCAR EXQUOTE SIN) (EQ(CAR EXQUOTE SUB) (LIST(QUOTE TIMES) 
(LIST(QUOTE TIMES) (LIST(QUOTE SUB} E 
(LIST(QUOTE COS) (DIFF(CAR(CDR Е)Х) (DIFF(CAR(CDR Е)Х)) 
(CAR(CDR ЕУ) (DIFF(CAR(CDR(CDR E)))X)) НЕСХСАН ЕХОШОТЕ LOG)) 
(DIFF(CAR(CDR Е})Х)}) (ЕСХСАВ ЕХОШОТЕ ЕХРТ)) (LIST(QUQTE TIMES) 
((EQXCAR EXQUOTE COS)) (LIST(QUOTE ADD) (LIST(QUOTE DIV} 
(LIST(QUOTE TIMES) (LIST(QUOTE TIMES) 
(LISTIQUOTE SUB) (DIFF(CAR(CDR E))X) (CAR(CDR £))) 
0 (LIST(QUOTE TIMES) (DIFFICAR(CDR Е)ХУ)) 
(LIST(QUOTE SIN) (CAR(CDR(CDR E})) 


HIPAD DIGITIZERS 


Inexpensive Graphic Input 


To Your Computer 


Gre ronis уси 


The HIPAD'" Series Digitizers are the ideal graphic Input devices for the 
small system user. Utilizing the principle of X-Y coordinates to obtain posi- 
tioning, they convert graphic coordinates into digital data that can be pro- 
cessed by the computer. Featuring: 
| «Digitizing surface of 11" x 11" (28cm X 28cm). 
eTranslucent digitizing area suitable for backlighting. 
*Built-in switch selectable RS-232-C and 8 bit parallel interfaces. 
Resolution of 0.005 inches or .01 inches, 

“Оле button cursor standard. 

*Four button cursor available. 
у Optional marking or non-marking 

stylus 

*Relocatable origin, 

2 Optional 5-digit LED display. 

PUL Listed — Certified FCC Class B. 
*Easily interfaced to Apple'M, TRS-80!'M, Atari® , 
and most other microcomputers. 


ePrices start at $825." For complete information contact 

Houston Instrument, One Houston Square, 
Austin, Texas 78753, (512) 637-2820. For rush 
literature requests, outside Texas, call tall free, 


d би 
sin y) = = (СОБ 
т we ен 


d 2 Ту” 
mer и} = ық (sin М) 


T (log u) v: 2 


gu 
ах 


а 
dx a = уш" 


houston instrument Table 2: А summary of the rules of 


GRAPHICS DIVISION OF on] i differentiation used by DIFF. The 
1-800-531-5205. For technical information ask ! y 
BAUSCH & LOMB Фф) for operator #5. terms и and v represent functions of X, 
i. т E Acid хақы, int ТЫ НРА ip д iradaman ОЁ Номера Ungirumaett pi nme I while a represents a real number. 


Circle 162 for literatura Circle 183 to have a representative call 


ied. — 
“Роршаг 
Computing," 
the key to 
understanding. 


Now you don't have to be 
a computer professional to 
unlock all the mysteries, 
potential, and pleasures of 
home and small business 
computers. Popular Com- 
puting, the new monthly 
magazine from McGraw- 
Hill, is che key. 

Created in response to 
growing demand for our 
informative quarterly 
onComputing, Popular Com- 
puting explores every 
aspect of personal com- 
puters and their use. All 
reported in easy-to- 
understand nontechnical 
language. 


POPULAR . 
COMPUTING € 


THE KEY TO UNDERSTANDING 
Р.О. Box 397, Hancock, МН 03449 


special news briefs, and 
feature articles by boms 
guest contributors (like 
Isaac Asimov). There'll 
even be a helpful glossary 
of computer jargon we 
couldn't avoid using, and 
much, much more. 


Готютелке 


Your ПАЙ ЫС Ж ii чы 
Business „ за 
RES Asimav Special 
оте! Computer Introducto ry 
Offer. 


Send in this coupon to- 


A day, and take advantage of 

The answer to 4 —À ны 4 Special а 
‘“‘Computerphobia.”” "ONS ~ter. se 
Even the most computer- Wi a - 
unsophisticated reader will ҮШ 9 22 | 4 
find Popular Computing Я M d 


interesting and 
stimulating. Every issue 
will contain straight- 
talking product reviews, 


Circle 275 оп inquiry card. 


F RE E 50 FTWAR E! Listing 5: The function definition of INFIX, the output parser. INFIX converts its input 
Word Processing ог Accounting When from Cambridge prefix notation to mathematical infix notation. INFIX also performs 
You Buy a 54k Superbrain! algebraic simplification. 


(DEF INFIX(E} 
(COND((ATOM E)E) 
(T(PROG(FIRST SECOND) 
(SETO FIBST(INFIX(CAR(CDR EDD 
(CONDUCDRICDR E)) 
(SETQ SECOND(NFIX(CAR(CDROCDR Е))))))) 
 SUPERBRAIM 64% Lis! 52455 (RETURN 
10тЬ NARD DISK interioc List $4995 (CONDQEQ(CAR EXQUOTE ADD) 


10mb HARD DISK Corvus List $5350 


f 20mb HARD DISK Corvus 


11056 Palatine North 
Seattle, WÀ 98133 


126 = September 1961 © BYTE Publications Inc 


(COND((EQ FIRST O}SECOND} 


«ЕО SECOND O)FIRST) 
кектен, ате (TWONUM)EVAL Е МІШ) 
12% ІН Rag. 51595 “М | Comet 11 Paratoi (EQUAL FIRST SECOND) 
ККП (LIST 2 
ы. Reg $4495 9208 | Slacuriter 25срз Parallel (QUOTE *) 
es agt - Мағанінғ 25cps Serial FIRST)) 
MITES ((MATCH(LIST(QUOTE ?MQUOTE *JFIRST)SECOND) 
асағыа ЕТ" {INFIX(LIST(QUOTE TIMES) 
Cal Novalion acoustic "160 (LISTI{QUOTE ADD) 
' The Visical 
қт "| Fe GPM (CAR SECOND) 
H Le 1200 baud dir coan List $1295 ‘925 цы ааз 1) 
Smt Hard Disk Upgrade 3428 FIRST)» 
іш Suparbeain ae (MATCH(LIST(QUOTE ?XQUOTE *)SECONDJFIRST) 
SEFTWARE | (INFIX(LIST(QUOTE TIMES) 
26% OFF LIST OR ALL NONTIATAR SOFTWEAE (LIST(LQUOTE ADD) 
ACCOUNTING PLUS (CAR FIRST) 
By Systane Plus | 1) 
D | 
recap чер а а qe ni Geer toes er мд SECOND) 
cellent software tor many sar 2“ ((LIST FIRST 
= (QUOTE +") 
A/R. AIP G/L РАЙ, INV is SECOND) 
dti in: іне UYE SOFTWARE ((EQ(CAR EXQUOTE TIMES) 
оаа invantery (COND(EQ FIRST SECOND) 
n R 
ү DATA BASE MANAGEMENT d eM JFIRST) 
ander 
Data Star 
«ЕО SECOND 0)0) 
с BASIC и COMPILER > ((EQUAL FIRST SECOND) 
MBASIC Compiler *350 PASCAL UCAD (LIST FIRST 
FORTRAN 80 "450 МТ PASCAL (QUOTE !) 
AJP. АГА P/R G/L INY —— 2) 
| I 
/— ((TWONUMXEVAL E МИ.) 
"T Payroll эю шк зін ((MATCH(LIST FIRST(QUOTE ! (QUOTE ?))SECOND) 
Ё 
050/1 adu. Word Processing (INFIX(LIST(QUOTE EXPT) 
"rmi E RESINA Мы List Managamaeni : Y —- ADD) 
Wore Pre BO MUT (CAR(CDR(CDR SECOND)) 
PEAIPEER, 12) 
Corvus Most Molliplasar List $750 (MATCH(LIST SECOND(QUOTE ! (QUOTE ?))ЕТАЅТ) 
Miner жет LASTS (INFIX(LIST(QUOTE EXPT) 
әң dy eru SECOND 
Paratiel Port for Suparbraln List $90 (LIST(QUOTE ADD) 
External Adapiar List $30 EE uin (CAR(CDR(CDR FIRST})) 
НЕ i 
Tandan TM 100-4 Пы tide. di EE ам. irach Lis] $995 aro re m мі "IFIRST)SECOND) 
| SB/E prom Ки Suparbeain. Lisl $205 (CAR SECOND) 
AccuSoft Graphics Board List $995 (LIST(QUOTE EXPT} 
Symbol Ganarator List £225 FIRST 
| әз») 
берет Тил аким. Lil DAS (MATCH{LIST(QUOTE ?ХОПОТЕ *)SECOND)FIAST) 
| (INFIX(LIST(QUOTE TIMES) 
TO ORDER, GALL (206)453-8159 | {САВ FIRST) 
Masi items shigpad from stech, Mastercharge. Visa add 3%. Ne COD 
on hardware AM pricas РОВ origin No shipment via Emery Air Freight (LIST(QUOTE EXPT) 
because of poor caim cesponse in damaged merchandise. SECOND 
PACIFIC COMPUTER BROKERS a) 


Listing 5 continued on page 228 


THE ORIGINAL MAGAZINE FOR 
OWNERS OF THE TRS-80™* MICROCOMPUTER 


* TRS-80™ 15 A TRADEMARK OF TANDY CORP. 


d "m | | MONTHLY 
SOFTW = 4 | NEWSMAGAZINE 
FOR TRS-80" | | FOR ТН5-80" 
OWNERS Е E | | p р OWNERS 


MONTHLY NEWSMAGAZINE 
Practical Support For Model I, II & III 


e PRACTICAL APPLICATIONS [NOW IN OUR 4th YEAR 


е BUSINESS PROGRAMS AND ARTICLES PUBLISHED IN RECENT ISSUES 
* GAMBLING * GAMES EIU FINCALC - A COMPLETE FINANCIAL APPLICATIONS PACKAGE 
* EDUCATION $ STATISTICAL COMBINATIONS 
* PERSONAL FINANCE > ASSEMBLY LANGUAGE FOR BEGINNERS 
• BEGINNER'S CORNER > ОВК FILES о 
е NEW PRODUCTS EUM LIGHTING EXPLAINED 
* SOFTWARE EXCHANGE re e 
е MARKET PLACE ма 
е QUESTIONS AND ANSWERS > BUDGET ANALYSIS (FOR BUSINESS AND НОМЕ 
е PROGRAM PRINTOUTS * DUTCHING THE HORSE SYSTEM THAT CAN'T LOSE 
+++ AND MORE > TAX. SAVER REVIEW — 
АМО MORE 


моя ом Е INCALC A Complete Financial Analysis Package Used 


«xw 
CREE. di To Calculate Markup, Margin, Annuities, Compound Interest, Nominal 


And Effective Rates, Sinking Funds, Mortagage Calculations, Future Value, 
anew’ Savings and Insurance, Percentage Difference Between Two Numbers, 
Amortization Schedule and More,..... 


SEND FOR OUR NEW 64 PAGE SOFTWARE CATALOG (INCLUDING LISTINGS OF HUNDREDS OF TRS-80" PROGRAMS AVAILABLE ON 
CASSETTE AND DISKETTE). $2.00 OR FREE WITH EACH SUBSCRIPTIONS OR SAMPLE ISSUE 


* All programs are supplied on cassette (add $3 for Diskette Version - add $5 for modilied Mod-Il Version). 


‘COMPUT AOINICS: 


“лі Ar, Pe Г NEW TOLL-FREE 
50 М. PASCACK ROAD 
SPRING VALLEY, NEW YORK 10977 ORDER LINE 
ONE YEAR SUBSCRIPTION $24... . (OUTSIDE OF М.Ү. STATE) 
TWO YEAR SUBSCRIPTION $48 ........ .. (800) 431 -281 8 
SAMPLE ОҒ LATEST ISSUE 9%4.......... 
(914) 425-1535 


START MY SUBSCRIPTION WITH ISSUE...... à 
{1 July 1978 ө #12 June 1979 e #24 July 1980 «430 January 1981) 


NEW SUBSCRIPTION, ,, ... RENEWAL . 


| DA 


CREDIT CARD NUMBER 
SIGNATURE mmm c МАМЕ 


ыы 
*** ADD $12/YEAR (CANADA, MEXICO) - ADD $24/YEAR AIR MAIL - OUTSIDE OF U.S.A., CANADA & MEXICO *** 
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Circle 22 an inquiry card. 


%50%& 
DISCOUNT 
COUPON 


4 Bring this COUPON intu one of our stores nr. 6 
4 mail io oor Мэй Order oddresg shown below р 
өлгі receiva а 50% DISCOUNT 
gd оп purchases iom this раса of 580.00 or more, PR 
9 Offer EXPIRES un October 15, 1961 PS 


4 NAME 1 a 4 
а ADDRESS . 


‚ 1 STATE , 
FHONE NO , 
2 Coupons accepted only with ші nema миі adman Hedin PNE 


£N74LB283N 
43N74 LSZ9ON 
&NTALSTSJN 
SN74LS285 A 
RN74LS329BN 
5N74L5299N 
BNT4ALE3SZ2N 
5N74L5323N 
анта 5340 
BNT7TALS352N 
&N74L8363N 
SNT4.S3034 
SN74LS304N 
28587415105 N 
SN?1L536BN 
BNTALS3G7N 
5N?4LS388 A 
6474197724 
HNIALSITAN 
ENIALSJIE A 
SN74L8377N 
ENTALSJTEN 
48N74L,5379N 


SN74LS14RN 
542415151 
$N74L8162N 
SN7TAL5154N 
SNTALETSEN 
ENTALS 1S6 NN 
5474131574 
SN74LS18BN 
SN7AUS180AN 
SNTALE1À1AN 
SNIALS T1T62AN 
EN74L5)604N 
SN7TaLS104 M 
SNJALST5S NN 


mo = 


"КЕТТІТІТІТІТГІТІ. 


55741 8125 
SNTALSTXN 
3471441 814A 
941415164 


SNTALSTABN 
BhTALSTION 
SNTALBYTTIN 
BN?4L5174N 
SN74L6178N 
VNTAULRSTBTN 


A — ss -а 
ПЕШ ЕБ ЕЕВЕВОСВЫБа 


ы 
Заз 


SH74i5100% 
BNT41S51TN 874415181 М 
BNTALSSAN 
EN14L EB IN 
SNT4LS73N 
ENIALZÉTAN 
34741576 М 
BENTALSTEN 
ENT4LS?RBN 


SNTALSTBTN 
SNTALSZZ1N 
SN7TAL SOK 
БМА 5241н 
S57415242 N 


SNTALSSAON 
ÉNTALSSOBN 
EHT4LSUOD A^ 


8Ң7415918 
ЕМ? (5928 
БҢ?4| 5928 
ЕНМІЗІНІН 
55474536 н 
&NTALSID? AN 
ENTALNTOBAN 


SNTALSZAB H 
SN14L5248N 
BNTSLS2ABN 
SNTALS25TN 
SAN7T4L S253 м 
541415258 М 
SNT4LSIS T N 
5SNTALS. 258 № 
SNIALS25SN 


-a — oe -5 omo „4 „з= -= 


tidddgRRRRPRaRERIERSERAUEIEREEERDBRÉREEEEEERD?SEEEESESEEES| 


— 


SWNTALSEAEN 
SN7ALSAGBN 
8ң74, 56494 
9474155704 
£N7ALS718N 


= 


B5NTALS123N 
SNTALSTIEN 
5974151283 
SNIALSIARIN 
5NT4,3133N 
B5N?AL5135AN 


EZHZBUBESESZZJEEEEZSEEHZLZLERER 


SN T4182T31N 
SNALSZT8N 


th pama = 


EPROM 2215-5 $6.50 


STORES 00 МОТ ACCEPT MATL DADERS 


MAIL ORDER 


РО 80% 22007 CULVER CITY, CAGOZ230 
Мана Griw 800.80 emi стел p poop m ramen 
Тин об ны (ғи ігі неме Шыны probit ры перроне dida ree lun 


шінің tur pen. (кі теледі іс ipe. Mo тік итеп Em ED Несіне Bi | 


aL REL и інінен «ініміз 


PHONE ORDERS |,,,, ATLANTA |. | 


Atlanin, GA 30305 
ИЫ) 251-7100 


HOUSTON 
2649 Aichmond 
Hnuston, TX 77096 
[118] 5290-3488 


SANTA ANA 
1300 Е, Edinger Ave. 
Santa Ana, СА 92705 

(714) 541 8424 


TUCSON 


4618 E. Broadway 
Tucson, AZ 85711 


| 213, 641-4064 
CULVER CITY 


11080 Jalferson 89, 
Culver City, СА 90230 
(213] 390-3585 


PORTLAND 


1125 М.Е. B2nd Ave. 


Portland, QR 97220 
(502) 254-5541 


SUNNYVALE 
1054 E, El Camino Real 
Sunnyvale, СА 94087 

(408) 243-4121 (602) 881-2346 
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Listing 5 continued: 
(T(LIST FIRST 
(QUOTE *) 
SECOND)))} 
КЕО(САН EXQUOTE DIV)) 
(COND((EQ SECOND !)FIRST) 
(EQUAL FIRST SECOND)1) 
(EQ FIRST 010) 
(TWONUMXEVAL E NIL)) 
(MATCHI(GLIST(QUOTE ?)(QUOTE *)SECOND)FIRST) 
(INFIX(LIST(QUOTE TIMES) 
(LIST(QUOTE SUB) 
(CAR FIRST) 
1} 
SECOND))) 
(MATCHILIST(QUOTE ?КОЦОТЕ *)FIRST)SECOND) 
(INFIX(LIST(QUOTE DIV) 
1 


(LIST(QUOTE TIMES) 
(LIST(QUOTE SUB) 
(CAR SECOND) 
1) 
FIRST)? 
(MATCH(LIST SECOND(QUOTE |! (QUOTE ?))FIRST} 
{INFIX(LIST(QUOTE EXPT) 
SECOND 
(LIST(QUOTE SUB) 
(CAR(CDR(CDR ҒІН5Т))) 
1)))) 
((MATCH(LIST FIRST(QUOTE ! (QUOTE ?))SECOND) 
(INFIX(LIST(QUOTE DIV) 
1 


(LISTIQUOTE EXPT) 
FIRST 
(LIST(QUOTE SUB) 
(CAR(CDR(CDR SECOND) 
n» 
(T(LIST FIRST 
(QUOTE /) 
SECOND) 
(EQUCAR EXQUOTE ЕХРТ}} 
(COND((EO SECOND 1)FIRST) 
((EQ SECOND 0)1) 
((TWONUMXEVAL E NIL)) 
(T(LIST FIRST 
(QUOTE !) 
SECOND))) 
((ЕО(САЯ EXQUOTE SUB) 
(СОМЖЕО SECOND O)FIRST) 
(EQ FIRST O(LIST(QUOTE "—") 
SECOND) 
(TWONUMYEVAL E NIL)) 
(EQUAL FIRST SECOND)O) 
(T(LIST FIRST 
(QUOTE "- “} 
SECOND)» 
((ЕО(САВ EKQUOTE LOG)) 
(COND((EQ FIRST 170) 
(T(LIST(QUOTE LOG) 
FIRST)})} 
((EQLCAR EXQUOTE SIN) 
(LIST(QUOTE SIN) 
FIRST) 
((EQ(CAR EXQUOTE COS)) 
(LIST(QUOTE COS) 
FIRST)) 
((EQUCAR EXQUOTE EXP) 
(COND(EQ FIRST 0)1) 
(T(LIST(QUOTE EXP) 


FIRST)))) 


Listing 5 continued on page 230 


‘COMPUTAROMNICS: 


e EVERYTHING FOR YOUR TRS-80* e ATARI* e APPLE* e РЕТ“ ө 


*TRS-80 а trademark ol the Radio Shack Division of Tandy Corp. - ‘ATARI Я a Irademark ni Alari Inc. - "Apple & a trademark et Apple Corp. - "Fel is a trademark of Commodore 


! 


(ON CASSETTE ORDISKETTE).....Includes 110 Page Users Manual.....5 Cassettes (Or Diskettes) 
Inventory Control.....Payroll.....Bookkeeping System.....Stock Caiculations..... 
Checkbook Maintenance.....Accounts Receivable.....Accounts Payable..... 


withi 
ж А! orders proc essed ранее o 
Software 


jn 24-Haurs 
all 


BUSINESS PAC 100 
100 Ready-To-Run 


Business Programs 


59 МАСС Weighted average cost of capital 
GOSINESS 100 PROGRAM LIST 60 COMPBAL | True rate on loan with compensating bal required 
61 DISCRAL True rate on discounted loan 
62 MERGANAL Merger analysis computations 
1 RULE 78 Interest Apportionment by Rule of the 78% 83 FINRAT Financial ratios for a firm 
2 АММА! Annuity computabon program 54 ad Net present value =. project 
3 DATE Time between dates 65 OLAS es расе index 
4 DAYYEAR Day of year a particular date falls on ав PRINDPA Paasche price index 
5 LEASEINT Interesi rate on lease 67 SEASIMD Construct: seasonal quanlity indices for company 
6 BREAKEVN Breakeven analysis Ба TIMETR Time series analysis linear trend 
T OEPRSL Sureighiline depreciation 53 TIMEMOV Time series analysis moving average шеле 
8 DEPRSY Sum of the digils deprecation 70 FUPRINF Fulure price estimation with inflaton 
9 DEPRDB Declining balance deprecation 71 MAILPAC Malling list system 
10 DEPRODS Double declining balance depreciation 72 LETWRT Letter writing system-links wih MAILPAC 
11 TAXDEP Cash flow vs depreciation tables 73 SORTS Sorts lst of names 
Гг CHECK2 Ponts NEBES checks along with daily register 74 LABEL! Shipping label maker 
13 СНЕСКВК! Checkbook dir еее, program 75 LABEL2 Mame label maker 
14 MORTGAGE/A Mortgage smorsaabon lable 76 BUSBUD DOME business bookkeeping system 
15 са Согприіея lime for — to double, triple, etc. T? E wem weeks total — from шенеді info. má 
16 SALVAGE Deterrmines salvage value of an investment 7B A А Memory Accounis payable system- storage perm 
17 RRVARIN Rale of retum an investment with variable inflows 79 INVOICE Generate invoice on screen and print on printer 
18 RRCONST Rate of retum on investment with constant inflows 80 INVENT2 In memory inventory control system 
{9 EFFECT ЕЛесінме inlerest rele of 5 loan Bi TELDIR Computerized telephone directory 
20 FVAL Future value p- an ет жее (compound merest) B2 ПМИЗАМ Time use anahysis — — 
2| PVAL Presenl value of a ге amounl B3 ASSN Use of assignment ihm lor optimal j n. 
22 LOANPAN Amount of payment on а loan 84 ACCTREC In memory accounts receivable system-storage ok 
23 RECWITH Equal withdrawnls from investment to leave Ü over 85 TERMSPAY iim 3 methods of ылады loans 
44 SIMPDISK Simple discount analysis 86 РАУМЕТ pules gross рау required for given net 
25 DATEVAL Equivalent & nonequivalent dated vatues for oblig 87 SE1!PR Compules selling pnce for given afler tax amount 
26 ANNUDEF Present value of ee annuities 8B ARBCOMP а oe 
27 MARKUP % Markup analysis for items 89 DEPRSF Sinking fund depreciation 
28 SINKFUND Sinking fund amortization program 90 UPSZONE Finds UPS zones from zip cade 
29 BONDVAL Value of а bond 91 ENVELOPE д гарыш sro ag address 
30 DEPLETE Depletion analysis 92 АИТОЕХР utomobile expense ana 
31 BLACKSH Black Scholes options analysis 93 INSFILE Insurance palicy file 
32 STOCVALI Expected retum on slock via détcounts deadends 94 PAYROLL? In memory payroll system 
33 WARVAL Value of а warrant 98 DILANAL [ишн analysis 
34 BONDYAL2 Value of a bond 96 LOANAFFD Loan amount а borrower can afford 
35 EPSEST Estimate of future earnings per share Ку company 97 RENTPRCH Purchase price for rental property 
36 BETAALPH Computes alpha and beta variables for stock 98 SALELEAS Sale- analysis 
37 SHARPE | Portfolio selection modelle what stocks ta hold 99 RRCONVBD ілуезіс 5 rate of return on convenable bond 
ЗЯ OPTWRITE Option writing computations 100 PORTVALS Stock market portfolio storage valuation program 
39 RTVAL Value of a right ттт ЧР Дь ЧР р. ть ЧР ль ЧР ДЬ ЧР ЛЬ ЧР рь ЧР оо ЧР ль ЧР дь ч ль Че ль ЧЕ ть ЧР ль ЧР дь 
45 vL PRINE Vide cf pisteli Вт ; O CASSETTE VERSION $99.95 TOLL. FREE 
43 VALADINF Value of additional information 45 DISKETTE VERSION $99.95 ORD Е R 
44 UTILITY Derives utility function * 
TRANS Transportation method for linear mi 
E EOQ Moo order quantity Evry TERI 5 , ADD $3.00 FOR SHIPPING IN UPS AREAS (800) 43 ` STATE) 
48 QUEUET Single server queueing (waiting line) model 4 ADD $4.00 FOR C.O.D. OR NON-UPS AREAS 431. -281 
ag СУР Cost-volurme-profit analysis 1 ADD $5.00 OUTSIDE U.S.A, CANADA & MEXICO 8 
50 CONDPROF Conditional profi tables h 
5) OPTLOSS Opportunity foss tables d 
аЙ кнн ГЕ: 
МАЕ DEBCRIPTION » патем SACLE ES? 
53 FQEOWSH Ав above but with shortages permitted И 
54 FOEOQPB Аз above but with quantity price breaks 4 50 М, PASCACK ROAD 
55 QUEUECB Соз феей! waiting fine analysis r SPRING VALLEY, NEW YORK 10977 
55 NCFANAL Net cash-flow analysis for simple investrnent р 
57 PROFIMD Profitability index of a project Ч 
58 САР! Cap. Asset Pr. Model analysis of project 4 
p 
в 
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Listing 5 continued- Listing 6: MATCH, un elementury pat- 
tern matcher, used by INFIX to simplify 


algebraic expressions by recognizing such 


WT CONDIEQ FIRST т things as the multiplicative and additive 
(ЕО FIRST 0)1) identities. 
(T(LIST FIRST 
(QUOTE 00) (DEF MATCH(X Y) 
(T ЕЛ) (COND((EQ X(QUOTE ?))T) 
((AND(ATOM XXEQ X УТ) 


(ORCATOM ХХАТОМ Y¥))NIL) 
(ТАМГХМАТСН(САН XXCAR Y)) 
Listing 7: TWONUM simply checks to see if the variables FIRST and SECOND are (MATCH(CDR XXCDR Ү)))))) 


numbers. If so, it returns T (for true); otherwise, it returns NIL. 


(DEF TWONUM( ) 


(COND((NUMBER FIRST(NUMBER SECOND))) Text continued from page 222: 


necessary to translate the output from 
LISP notation to infix notation. This 
process is performed by the output 
parser, INFIX, shown in listing 5. 


Listing 8: In listing 8а DERIV provides the thread which ties PREF, INFIX, and DIFF 
together. The СНК function is analogous to the CHRS function in BASIC. The sequence 
(CHR 28)(СНЕ 31) clears the screen. Listing 8b shows a sample run of the function 


DERIV. User input is preceded by the prompt, >, 


(8a) 


(DEF DERIV( ) 
(PROG( ) 
(CHR 28) 
(CHR 31) 
(PRINT(QUOTE(DERIV "--." A SYMBOLIC DIFFERENTLATOR))} 
(TERPRI) 
(TERPRI) 
LOOP(PRINI(QUOTE >)) 
(PRINTOINFIX(DIFF(PREF(CIEAD)KPREF(READ)))) 
(GO LOOP)) 


(8b) 


> (DERIV) 
(DERIV---A SYMBOLIC DIFFERENTIATOR) 
>(A / BB 

((— AX(B12)) 
>(Х ХХХ 
(3 *(X12)) 

> (SIN 2" X)X 
((COS(2 * X)* 2) 
> (LOG X) 

(1/ X) 

У(Х 1 4)Х 

(4 “ІХІІ 3 
>{ХІМ)Х 

(N ХІМ - 1)) 


input Output 
(DIFF(QUOTE(ADD А AJKQUOTE А) 
(DIFF(QUOTE(TIMES X X)KQUOTE X} 
(DIFF(QUOTE(LOG X)KQUOTE X) (TIMES(DIV 1 X)1) 
(DIFF(QUOTE(COS ХХОМОТЕ Ху) (TIMES(SUB Q(SIN X)1) 
(DIFF(QUOTE AXQUOTE B} 0 
(DIFF(QUOTE BXQUOTE B) 1 


(ADD 1 1) 
(ADD(TIMES X 1XTIMES X 2) 


Table 3: Exemplary input and output of DIFF, which differentiates its first argument | 
with respect to the second. 
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This function generously uses another 
function, MATCH, shown in listing 
6, which was described lucidly by 
William A Kornfeld in the BYTE LISP 
theme issue (see reference 3). 
MATCH receives two arguments and 
determines whether or not they 
follow the same pattern. If a question 
mark, 7, is encountered in the first 
argument, any atom of the second 
argument will match it. А few 
examples of this "wild-card" usage 
are in order: 


(MATCH(QUOTE(A B C)) 
(QUOTE(ABC)) = Т 
(MATCH(QUOTE(A В D)) 

(QUOTE(A В С))) = NIL 
(МАТСН(ОПОТЕ(А В 7)) 
(QUOTE(A B C))) = T 


Once patterns are recognized by 
INFIX, the straightforward parsing 
operation begins. INFIX is also con- 
figured to recognize the multiplicative 
and additive identities as well as 
many algebraic simplifications. 

The nerve center of INFIX is a 
PROG function that calls itself recur- 
sively on the first and, if necessary, 
the second argument of the input 
expression. This, in effect, allows IN- 
FIX to get to the bottom of things. 
The use of the variables FIRST and 
SECOND prevents INFIX from 
having to recompute them at every 
encounter. INFIX uses the function 
TWONUM (given in listing 7), which 
determines if both arguments are 


AES you tired of squinting at your 
video screen to find spelliag and 
typing mistakes in your word 
processing? 

Then you need SpellStat—for 
prampt гене! from the pain and dis- 
comfort of proofreading. 

SpellStar is an optional addition 
to WordStar™, already the most pow- 
erful and versatile word processing 
software on the market. SpellStar 


catches your spelling errors and typing 


mistakes before they catch you. It will 
save you inconvenience, embarrass- 
ment, and countless hours of staring 
at your screen. In fact, if time equals 
money in your business, it won't take 
long for SpellStar to pay for itself in 
lime saved. 


Fast, FAST relief 

SpellStar whizzes through your 
text at thousands of words per min- 
ute, comparing what you've written 
with its 20,000-word dicttonary-on-a- 
disk. It flags every word not in its dic- 
lionary, giving you three choices. 
Change the word. Leave it as is. Or 
leave it and add it to the dictionary, 
and it won't get flagged again. You 
can put it in the main dictionary, or 


re's how we 
spell relief: 


pellStar. 


just as easy, create your own supple- 
mental dictionaries on other disks for 
such things as specialized terms and 
client names. 


SpellStar vs. the competition 
SpellStar is not the first proof- 
reading software on the market. We 
just made sure it would be the best. 
Other programs show you a list 
of apparently misspelled words on 
your screen, separate from the docu- 
ment. You must decide what to do 
about each word without seeing its 
context—and that can be confusing. 
But SpeliStar actually operates within 
the WordStar program. So it lets you 


see each word in context before taking 
action. 105 so much easier. And you're 


always only one keystroke from full 
word-processing capability. 

Other programs give you a 
20,000-word dictionary. But we com- 
pressed it into half the norma! disk 
space. So there's much more space for 
your own entries. 

Another advantage is SpellStar's 
many menus and prompts. They're 
designed to keep you out of the man- 
ual and at the keyboard as much as 
possible. 


More help on the way 

Once we've handled your word 
processing, let MicroPro start solving 
all your computing problems—with 
our software solutions. MailMerge™, 
another WordStar option, makes it 
easy to combine files to produce per- 
sonalized form letters. SuperSort™ 
takes on the biggest sorting, merging, 
and selecting jobs. And DataStar™ 
handles data entry, retrieval, and 
update with tremendous power and 
precision. 

Okay, so how do you spell relief 
now? 
M-I-C-R-O-P-R-O. 


{Ө х 
INTERNATIONAL CORPORATION 
1299 Fourth Street, San Rafael, California 94901 


(415) 457-8990. Telex 340-388 


Contact us for the name of your 
nearest dealer. 


Runs on meo 20, BO #085 microcomputers with СР; М (TM of Digit Rescarehi, 46K, and terminal with addressable cursor. е Alto available for the Apple Computer, requires Місғакаһ SoftCard. 
Apple Computer и a registered Irsdemark of Apple Computer, Ine. ә MicroPro products sold опу through authorised dealers. = © 1981 MicroPro International Corporation. 
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Listing 9: іп listing 9a, the function definition of TAYLOR illustrates the use of PROG 
as an iterative programming mechanism. Listing 9b shows a sample run of the function 
TAYLOR. The > prompt precedes user input. The output consists of a list of the terms 
of the generated Taylor series. The resulting series is obtained by summing the terms. 
Цвет input consists of the function to be expanded, the value about which the expansion 
is to occur, and the number of terms desired. 


(9а) 


(DFF TAYLOR( ) 
(PROG( ) 
(CHR 28) 
(CHR 31) 


(PRINT(QUOTE(TAYLOR “-—" А TAYLOR SERIES GENERATOR») 


(TERPRI) 
(TERPRI) 

LOOP{PRIN {QUOTE >)) 
(TS(PREF(READ)(READ)(READ)(READ)) 
(GO LOOP))) 


(9b) 
> (TAYLOR) 


(TAYLOR---A TAYLOR SERIES GENERATOR) 


> (EXP X)X 0 5 
1 

X 

(X12y( 1)) 
(X13)y0 1» 
(X14)(4 1) 
END 

> (SIN X)X 06 
0 

X 

D 

((—-1 *(Xt3))/ (30) 
0 


(X15)/(5 1)) 


END 
»ü/X13 

! 

(-14Х-1) 

( (X — 1992942 1) 
END 


Listing 10: The function definition of TS, the workhorse of the Taylor-series routine. 
The second argument of EVAL in the function definition illustrates how the рто- 
grammer can specify the environment by building an appropriate A-list. 


(DEF TS(E X A J) 
(PROGIN) 
(SETQ N 0) 
LOOP{PRINTIINFIX(LIST(QUOTE DIV) 
(LIST(QUOTE TIMES) 
{EVAL E(LIST(CONS{QUOTE Х)А))) 
(LIST(QUOTE EXPT) 
(LIST(QUOTE SUB) 
x 
A} 
N)) 
(LIST(QUOTE FAC) 


ND» 
(SETQ N(ADD N 1)) 


(COND((EQ М J(RETURN(PRINT(QUOTE END))})) 


(SETO E(PREFUNFIX(DIFF E X)})) 
(GO LOOP))) 
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numbers. If so (EVAL E NIL) is 
executed, which allows INFIX to 
actually evaluate the expression. 
Note that the specified A-list is NIL, 
since no variable bindings 
(assignments) are required by EVAL. 


Tying the Knot 

Now that the actors of the 
differentiation are cast, it is necessary 
to develop a plot by which they can 
perform. The function DERIV, 
shown in listing 8a, serves this pur- 
pose. It requires no arguments and 
begins its duty with housekeeping 
chores such as clearing the screen and 
printing a title. It then prints the IN- 
FIX of the DIFF of the PREF of READ, 
or, more simply stated, it prints the 
derivative of an expression input by 
the user in infix notation, Upon com- 
pletion, the process is repeated ad 
infinitum, A sample run of DERIV is 
given in listing 8b. 


Taylor-Series Expansion 

Any standard college calculus text- 
book (such as reference 5) will tell us 
that the Taylor series is: 


мә Sess 


ni 


where a is the value about which the 
expansion is to be taken (noting that 
if a is О the Taylor series reduces to 
the Maclaurin series), x is the variable 
of the original function, and n is an 
integer such that 0 = n < ос, 

It is a relatively simple undertaking 
іс write a Taylor-series program 
utilizing PREF, DIFF, and INFIX, as 
indicated by listings 9a and 10. The 
Taylor function is entered when you 
type (TAYLOR). It then awaits your 
input, which consists of: 


1. function to be expanded 

2. variable about which to expand 

3, value about which expansion is 
to occur 

4, number of terms desired 


An example of a typical Taylor run is 
presented in listing 9b. 


Final Remarks 
The programs in this article 
demonstrate the ease with which 


When you want а data base for your micro that 
will grow as fast as you do — look to Cameo. 
Whether your business is commercial, educa- 
tional or institutional — for large inventories, 
massive mail lists, extensive accounts receivable 
and effective cash management — Cameo has 
the system to meet your needs. 


Cameo's Cartridge Disk Subsystem provides 
reliable mass storage for most popular micros*. 
The Cameo subsystem gives you up to 100 times 
the storage capacity of floppies, while retaining 
the same flexibility that floppy media provide. 
With Cameo's system you can remove, copy and 
back-up massive amounts of data quickly and 
easily. Апа, byte-for-byte, cartridge disk mass 
storage is more economieal than floppy disks. 


Circle 54 on inquiry card. 


Cameo Makes Your Micro 
Big Enough for Big Business 


Even today's new technologies cannot give you the 
reliability, flexibility and back-up capability that 
Cameo provides. 


Installation and start-up is simple. Cameo's sub- 
system is compatible with most operating systems, 
eliminating the need for additional complex pro- 
gramming. Make Cameo your micro mass storage 
connection. Call today for the location of the dealer 
nearest you. : 


* Apple, TRS-80 Model I & II, 
Heath H89 and most S-100's 


Cameo Electronics, Inc. 
1626 Clementine Street 

Anaheim, С.А 92802 CAMEO 
(714) 535-1682 
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'"PETRO-LEWIS 
- DEFERRED INCOME. 
PROGRAM 


Limited Partnership 
1981-1 


B ЧЕ ce 


A Limited Partnership 
Formed To Acquire 

And Develop A кел | — 
Specific Oil Tu L EL 


Property Хаж T m ze ~ 
$5,000 Minimum . 
Subscription 
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This announcement is not an offer to sell or a solicitation of an offer to 
buy any of these securities. The offering is made only by the Prospec- 
tus. copies of which may be ohtained in any State only from deulers or 
brokers who may lawfully offer these securities in such State. 


For a copy of the Prospectus, 
mail to: 


P/MN 


Olam 


O am not a current limited 
partner in the Petro-Lewis 
Oil Income Program. 


Kay Grover 
Petro-Lewis Funds, Inc. 
717 17th Street 

P.O. Box 2250 

Denver, CO 80201 


Name 


Address 


City Stare Zi 


PETRO EAS Л LEWIS FUNDS. INC. 
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symbolic mathematics can be ex- 
pressed in LISP. When viewed within 
the LISP environment, recursive con- 
cepts become clear and concise, By 
substituting different functional 
modules for the DIFF function in the 
aforementioned treatment, you can 
easily develop powerful special- 
purpose systems. For instance, DIFF 
could be replaced by a function which 
does one or more of the following: 
vector calculus, Laplace transforms, 
integration, matrix algebra, complex 
arithmetic, Boolean algebra, or 
trigonometric simplification. 

There are other areas where LISP is 
the language of choice. These areas 
include pattern matching, theorem 
proving, and intelligent robotic soft- 
ware. It is my hope that this article 
has shown that LISP is ideally suited 
for symbolic mathematics and that 
LISP should he added to the reper- 
toire of all serious programmers. № 


The LISP interpreter is sold by Supersoft 
Associates, РОВ 1628, Champaign IL 61820. 
Versions are available for 16 K-byte Radio 
Shack TRS-80 Model і and Model Ш com- 
puters (floppy disk, $100; cassette tape, $75). A 
version to run under the CP/M operating 
system will be released shortly. The symbolic- 
differentiation program discussed in this article 
is distributed with the disk versions of the 
interpreter, 
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64K BOARD 


At last a 64K STATIC memory board for 5100 systems. But it's not just a 64K static RAM board, EPROM's can 


extended addresses. These are fully decoded allowing 
expansion to a full 16 megabyte system memory. 


THE LAST MEMORY includes the IEEE S100 


e EXTENDED ADDRESSING 


also be intermixed with RAM making it the only memory board needed for S100 systems. That's why we call it 


THE LAST MEMORY. 
16K static RAM to achieve a board density twice that 


THE LAST MEMORY uses the new 2016 byte-wide 
possible with old 2114 static memories. 


e 64K DENSITY 


T 
The standard board allows 4 MHz operation. 


е LOW POWER 


A&T 

139.99 
289.99 
429.99 
559.99 
679.99 


249.99 
389.99 
519.99 
639.99 


Kit 


sumption than older 16K static memory boards. 
RAM-iess Board 99.99 


memory systems. The result is far less power con- 
* LOW COST 


Only one memory IC is ever active in byte-wide 


Its best feature is the price: 


e FAS 

16K RAM 
32K RAM 
88K НАМ 
64K RAM 


s can be inserted into the board without 


sockets occupy па memory space, providing compat- 


EPROM in the corresponding socket. Empty memory 
ibility with memory mapped МО devices. 


А separate board is no longer required for EPROM's 
containing monitors, bootstrap loaders, etc. 
Where memory is required, just plug a RAM or 


e 2716 EPROM COMPATIBLE 
e SIMPLE ADDRESS DECODING 


2716 EPROM 
modification. 


static memory systems 


Suite 209 
(815) 235-8713 


15 So. Van Buren Ave. 
Freeport, Illinois 61032 


235 


BYTE September 1981 


Gircle 338 on inquiry card. 


WELL“DRIVE” 
YOU WILD 


So many choices! So many models to 
choose from! Whatever your application, 
whatever your compatibility require- 
ments ... ASAP has the disk drive you 
want. ASAP truly has a “wild” assort- 
ment of the most popular makes and 
models . . . from the most reliable 
manufacturers. 


You'll be “wild” with confidence when 
you order from ASAP because you'll get 
what you're expecting! Reliable perfor- 
mance, years of trouble-free service, the 
fastest possible delivery, and a “wild” 
120 day ASAP money-back guarantee. 


Cail ASAP with your choice today. 


Microbyte 02 Floppy Disk System —The 
Microbyte 02 is IEEE S-100 compatible, 
and provides up to 3.2 Mbytes of storage. 
Access time is 3ms track-to-track. The 
Microbyte controller will run single/ 
double density and single or double- 
sided. 120 day warranty on both parts 
and labor. 


Microbyte D2 assembled 

and tested with cables ...... $0 195.00 
Cabinet and drives 

without controller .......... $1,895.00 


Qume® Floppy Disk Drives — State-of-the- 
art technology used in the manufacture 
of Qume drives gives you longer disk life, 
improved data reliability and better 
serviceability. Independent head load 
produces savings on both diskette usage 
and drive maintenance. 


DATA TRAK™ 5 
(ANSI compatibility) ..... call for price 
DATA TRAK™ 8 
(IBM compatibility) ...... call for price 


Shugart Floppy Disk Drives — Shugart 
drives are known for high quality and 


with our variety ol 
quality disk drives. 


reliability. Shugart's 8i-Compliant™ 
head assembly provides superior media 
compliance and high reliability. 

Model 801 (standard floppy) ... $390.00 
Model 850 (double-sided drive) $640.00 
Case & Power Supply......... . $265.00 


Lobo Drives international Disk Drive Systems 

Lobo manufactures a complete line of 

drives and subsystems for Apple, TRS-80 

and §-100 based systems. All are thor- 

oughly tested, providing the high 

rd you've come to expect from 
060. 


Model 3101 is completely software com- 
patible to Apple 3.1, 3.2 and 3.2.1 Disk 
Operating Systems (DOS), as well as 
PASCAL Language Systems. All applica- 
tions software designed for Apple will 
operate on Lobo subsystems. 


Моде! 41010 is designed to provide TRS- 
80 users with low-cost, high-speed, 
efficient mass storage capability. Every 
Lobo Memory System is thoroughly 
tested and burned-in to assure reliability. 
One year, 100% parts/labor warranty. 


Models 050 and 1850 are software com- 
patible with most S-100 disk operating 
systems and applications software pro- 
grams. And Lobo offers you a choice of 
floppy and fixed disk drives. Choose 
from 5'4- and 8-inch Winchesters, and 
floppy/Winchester combinations. 


Call ASAP Гог additional information, 
price and delivery. 


4855481) 
computer 


products, inc. 


PART И 

MD525-01 
MD525- 10 
MD525- 16 


FO 32-1000 
Ей 34-3000 


PART й 


MEM 3401 
MEM 3403 
MEM 3405 


PART ё 


MEM 3060 
MEM 3101 
MEM 3090 
MEM 3102 


PART # 


FD1-T28 
FH1-32 
Р02-Х0 


FART à 


SRW-5 
5Я\-3 


DISKETTES from ASAP 


VERBATIM 


5” OISKETTES 
SECTORING 


SOFT SECTOR 
HARD 10 SECTOR 
HARD 16 SECTOR 


8" DISKETTES 


HARO SECTUR 
БОҒТ SECTOR 


MEMOREX 


GMa" DISKETTES 


SIDES/DENSITY — SECTORING 


WSINGLE SOFT SECTOR 
VSINGLE НААР 10 SECTOR 
WEINGLE HARD 16 SECTOR 


S UISKETTES 
SIDES/CENSITY X SECTORIME 


T/SINGLE SOFT SECTOR 
2/SINGLE SOFT SECTOR 
VDOUBLE SOFT SECTOR 
2/DOUBLE SOFT SECTOR 


DYSAN 
547 DISKETTES 
SIDES/DERSITY  SECTORINE 


T/SINGLE SOFT SECTOR 
VDOUBLE SOFT SECTOR 
2/00UBLE БОРТ SECTOR 


& МЗКЕТТЕЗ 


SIDES/QENSITY | SECTORING 
"SINGLE SOFT SECTOR 
A DOUBLE SOFT SECTOR 


SCOTCH 3M 


E'A" BISKETTES 
SECTORING 


SOFT SECTOR 
HARD 30 SECTOR 
HARD 16 SECTOR 
SOFT SECTOR 
HARD 10 SECTOR 
HARI 16 SECTOR 


SIDES /DENBITY 


МЕ 
(/SINGLE 
VSINGLE 
2:DQUBLE 
21DOURLE 
27DOUBRLE 


MAXELL 


84” DISKETTES 
SIDES DENSITY — SECTQRING 


VSINGLE БОРТ SECTOR 
2/DOUBLE SOFT SECTOR 
1/SINGLE HARD 1h SECTOR 
2/DOUBLE HARD 16 SECTOR 


Г QISKETTES 
SIBEE/UENSITY — SECTDRING 


WSINGLE SOFT SECTOR 
SINGLE SOFT 32 SECTOR 
2/DOUBLE БОРТ SECTOR 


SRW 
WEDIA STORAGE CARES 
SIZE 
з 
" 


PRICE 


107527 50 
107529 50 
107529 51 


107555 00 
10/536 00 


PRICE 


107525 00 
10/525 00 
10/525 00 


PRICE 


10/535 00 
10/545.00 
10/845 00 
101555 0n 


PRICE 


107550 00 
10/555 00 
10/665 00 


PRICE 
107555 00 
10/565 (0 


PRICE 


10/533 00 
10/533 00 
10/523 00 
102555 (0 
10/858 00 
10/558 10 


PRICE 


107539 (0 
10/7585 (КІ 
10/530 (0 
10/565 (0 


PAICE 


10/845 00 
10/545 00 
10:35.00 


PRIDE 


S2 50 вр 
$3 25 en 


Circle 29 on inquiry card. 


ATARI 800 


(16K) Personal Business 
Computer Features: 


e Computer console 

e Atari 8K basic 

е 57 full stroke alpha- 
numeric keyboard 
with four function 
keys 

е Operator's manual 


e RF modulator 


e Power supply 
Price: $799.00 


Atari Optional Accessories 
Model # Descriptian Price 
610 Disk Drive System.. $ 475,00 
815 Disk Drive System. . 51199.00 


B20 40 Column Do! 
Matrix Printer .....$ 27900 
822 40 Column Thermal 


no," ШЕТ $ 349.00 
825 80 Column Dot 

Matrix Prinler .....3 625.00 
830 Acoustic Modem ,..$ 159.00 


850 interlace Module ..,5 139.00 
410 Cassette Recorder $ 60.00 
CX30-04 Paddle Controls ,...8 17.95 
CX40-04 Joysticks (pair) ,...8 17.85 


INTRODUCING ASAP's 
Atari 800 18K НАМ Module $75.00 
1 уваг warranty paris & labor 


Special Offer: Additional 16K RAM FREE with purchase of system. 
DOO ——— Á— тж зы ee ee ei аЬ: 


MICROBYTE 2-80A/ 
iO CPU BOARD 


s А сотре single board ZAGA GPU with 
serial parallel interlace 
+ Fully саграе with Ihe proposed [EFE S- 
100 Bus Standard 
= ЈА CPU GMHZ version ot tive 780) 
* 15Binsiructigrs — superset of and wpward 
compatible trom the 6080" 78 instructions 
lo 4K of on board Eprom with optional 
monitor program — 1К(2708) 2K(2715) 
pt AK(2722) 
© Full vectored “етди capabilliy — 8 bit 
wiih ММ (1 bi!) 
a 2МН? or 4MH2 operation 15 jumper 
seisctaMe 


ә Selectable әшіс-май state msertion lor 
talending M1". MREQ*, |080” and/or on 
board ROM 

ә маі AS-232 serial (10 ports using the 
CBOA-DART with individual baud rate 
selection (irom 50 — 19,200 baud) 

» Up To 24 bit parallel 1/0 port — fully 
programmable intel 8255A 


" 00 Assembled & Тезіед 
Optional Momtar Program $50.00 


MICROBYTE FLOPPY DISK 
CONTROLLER 


е ОМА to within 16 Mbyle of memory 

e State-of-Ihe-an NEC765 LS! Contraiier 

e (EEE 5-100 compatible 

e ОМА arbitration allows use of multiple 
boards within а system 

= PLL dala eecovery ter totally relatie 
орегвіїсп 

e Write pre-tomp swilched at mid-disk for 
газа double density operation 

& Supports up to Таш (4) drives 

a Power On, Power ОШ or Reset desetecis 
drives to аур damaging files 

a (vive deselsci Tune Out, deselecis drives 
not in wee 

* Single of double sided operation 

e Single densily /double density operation 

e Б“ standard drives 

* Selectable Усс supply for dala recovery lo 
eliminale passibls noise problems 


MICROBYTE 4-PORT 

1/0 BOARD 

s Quad Н5-2320 senal ports. One 20mA 
Current loop port 

е Fully IEEE 5-100 Bus compatible 

e Asynchronous Commaonicalions wilh 
Z80A-DART(TÉM! от synchroneus commu- 
nications with 200А-51070ТМ) 

© Full sat of modem conirol signals, 
Including RI (Ring Indicatar) 

® Easily conhguralle to any typa al Lerminal 
interface 

e 1/0 servicing enviconments: 
(1) Pied 
(2) Bus vector 
(3) 290 mode 2 vector 

s ОИ-боаго Intarrupl бау chain capability 

* Special receive conditions: 
(1) Framing error 
(2) Parity error 
(3) Receiver averrun error 

= Baud rales selected individually trom 
50 baud їо 300K baud 

* 72 hour burn-in 


289 00 >ы в Testeo 
Cables Available (Optional) 


MICROBYTE 64K DYNAMIC 
НАМ BOARD 


e Fully 5-100 bus compatibile 

v GAK x B bit dynamic RAM 

© Low power. 
*BVDC @ 700 mA 
+ БУС @ 100 mA 
-TevDC @ 25 тА 

е Built-m capacity with LED indicator and 
vector inlerrupt 

e Memory addressable m ых 16K banks 

ә Hiddan ralrash 

e Gold contacls tor high reliability 

e 72-hour burn-in 

= Memory mapped via DIP switch 

= Built-ia programmable wrile-prolect 

е Programmable control port lor parily and 
bank control 

* ALPHA-MICAD compatible 


Call for Price 


Atari Software (Many more available} 


Super Breakout .........,.., S3000 

——«———- ЖЕКЕН 
Video Ease! ................ S3000 
3-0 Tit Tac Toe ........ .-...%000 
Star Adige... ee LL... ,.. 534.00 


Music Composer .,.......... 
Educational System ROM ...,.. 
Assemhbler/Editor ............ 
Teleink!..,....... TT EMO 
Space invaders ............. 
Kingdom .. .,...,.. sues 912.95 
Biorhythm ,...;,............ $12.95 
Слар... ева вео ана сь SOS 
Energy б2аг...,............ 512.56 
Mailing ГПв(..............,. 516.05 
Statistics |... газ .....,.. 910.9 
Touch Typing ............... $19.95 
Stock бһалілд,............. $18.95 
Stock Analysis... ..... „++. 519% 
Bond Analysis ...,.,.......... 514% 


Printers 
Manoladurer / More 9 Prica 
Аласат-150,............... 5 99500 


АлмЕХӘНП,.,............. $1289.00 


Base 2 8,.....,......... $ 65000 
Шаһ 8ЖЮН0,............... 5222600 
C.ltoh Starwrilgr 45,,........,. 5192500 
Texas Wetruments-810,...,..¢.. S165000 
Modems 

Масат Model i Price 
Novation CAT 5 14900 
Novation D-CAT 5 180.00 
Lexican Lex-11 5 13300 
Livermare LiV-Star 20M 5 14000 
uns UDS 103 $ 189.00 
ШЕ UDS 202 $ 29500 
Monitars 

Manuedurer Mods! 4 Price 
Amidak 100/17" BAW % 13900 
Атдек 100-00 5 15400 
Amdek 1000/10" Grn $ 16900 
APF ТУМ-10/10° BAW 5 14900 
Hiari VM 91075" BAW $ 210.00 
Hitacht VM 129/127 BEW $ 3000 
Sanyo 05012112" БАН 52000 
Sanyo 05112617 бт. 5290 
Sanyo DMC6013/13" Color 5 45000 
Terminals 

Матсуи Modi # Price 
Ampex Dialogus 89 5 8900 
See 0120 $ 750.00 
DOC 10140 9105000 
Таун ТА S120 5 72500 
ТвівуКіг0 ту 9 $ 77500 
Televideo ТМ 9556 5 97500 


Components 
4116's (200 nS) 
Apple, TR5-30, Незіп,.,.... . 80151880 
BS «ance ,. 52.25 each 
50-99 . == {а tome г.а» . 52 15 each 
100 0р... be sl во each 
2114 L-2/200 nS 
Low-Power 1K x 4 Static RAM 
о ee eee ee Т 
17-40 -1|%- te enhn. «we ...-00Ө each 
аа-.2........., 4 « 2.86 each 
MOup ,. . ........,.%97)тиһ 
744520... ...... ,, 51.25 each 
DAS243 (2... ante nny eo 81.00 each 
70,5244 ,...., ia 244. 51 25 each 
7415373 а-на а. 51.25 ВАСИ 
74.5374 "—— Sheo BAEN 
8265... .. | oos o 4 8150 each 
2108/4950 n$ 
ІКХВЕРНОМ 2... _. - 4.25 вас 
ot 8/42 00 
2716/5 Volt 
К җВЕРАЮМ...._......., eee S895 Bach 
1 year warranty 
ЗОВОА-СРИ лы e een rr ES 
CROAT Laer коня вика S OB 
Fe DoT f Lau em mores =; 
ZBOA-DART ....-. -... --- .. 88355 
ЖОМӨПШР,,....-,:.,..>,1---..-.. БЮ 
Lo sé ив seeds кйш Йа дай рш 6 №06 
|| па, калу зеъи >й аа аве к-на 000 
БАЛО Е аон ое acces 6 Ш 
MONS лески ка ә раны: В 4% 
c jr ——— —— @ 0 
| A————— (© Т 
19 10-24 25 up 
0Ba5P S250 $255 5250 
08255 $3.80 5370 53 40 
08250 5105 5 55 $ 55 
100 Pin (MSA) 
Gold /S-100 Solderta! Connectors 
$2.40 each or 10/$2.25 each 
Capacitors 
162 Voll 
Coramin.....,... .,... 8$ ВСВ or 700/87 0 
DIP Sockets — Low Profile 
Tin Soldertail 
Descripiion 19 1049 5099 Шх 
М pin tin 51 515 5 13 8 32 $.1 
16 ріп tin s! 5155.14 5 13 $2 
16 pin tin st sms 18 5 6 М 
20 pin tin st 525 $523 8 201 5 2D 
24 pin tin st $25 5 24 $ 22 9 20 
28 pin tin st 505 0 525 $F 
40 ріп tin st $ 425405538 5 M 


ASAP offers a 120-day buyer protection policy: full money-back guarantee i! 


not totally satistied, 


$389.00 гзта а testes күлсүн Ordering information: name, address, phone, ship by: UPS or Mail. Shipping 
,“-"“----е-ее--«««««е«шекшее«е«ек«е-«««-.-.-------...-., CANGE: айй 82.50 up to ТІР. for UPS Blue, add $1.50 for U.S, Май (U.S. only) 
L Catalog Request % ($25.00 mimimum order). Call tor larger shipments. 

Р М * Terms: Ме accept cash, check, money orders, Visa & Master Charge (U.S. 
; л send me your 1981 ASAP Full Line Catalog р Funds only). Tax: 6% Calif. Res., COD's and terms available on approval (School 
' агпе + PO s Accepted). C» d Toll tree oulside California: 

| ж -» | 285540) 2 

1 Tess $ 

{ Ci ty н compute r (213 1 505.643 | 

I L] 505. 

1 State Zip i products, i пс. [71 ИУ 801-2663 

` 5 1198 E s SL, Signal Hill, СА 90806 
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Circle 30 on Inquiry card. 


Knowledge-Based Expert 
Systems Come of Age 


Question: What do the following 
tasks have in common? Diagnosing 
bacterial infections; choosing a good 
spot on a mountain to drill for 
molybdenum; configuring the many 
components that make up a DEC 
VAX-11 computer; determining the 
structure of a complex molecule from 
mass spectrogram data. 

Answer: They are important and 
difficult decision-making jobs that 
only a few experts do well, The 
reasoning process in each job includes 
use of judgment, rules of thumb, and 
experience. Furthermore, these jobs 
can all be done today by computer 
programs known as knowledge-based 
expert systems. 

What makes knowledge-based ex- 
pert systems different from other 
large computer programs written to 
solve special decision-making prob- 
lems? We will answer that question in 
this article and explain how expert 
systems work, We will briefly 
describe several existing expert 
systems, and show the operation of 
one—a mineral-exploration program 
we helped develop. As a bonus, we 
will provide a micro expert-system in 
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Richard O Duda 
Fairchild Camera and Instrument Corp 
4001 Miranda Áve 
Palo Alto СА 94304 


]ohn G Gaschnig 
SRI International 
333 Ravenswood Ave 
Menlo Park СА 94025 


BASIC for your personal computer. 
Since work on expert systems grew 
out of research on AI (artificial in- 
telligence), a few historical observa- 
tions will provide some perspective. 
As is clear from this special issue of 


IF-THEN rules are used 
to capture the kind of 
“зетіодіса!” response 
to familiar patterns 
that characterlzes 
much of everyday 
human thinking. 


BYTE, AI is concerned with making 
computers perceive, reason, and 
understand. Early work in AI looked 
for simple and powerful reasoning 
techniques that could be applied to 
many different problems. A classic 
example is the work of Newell, Shaw, 
and Simon on a program called GPS 
(see reference 21). Intended to be a 
general problem solver, GPS could 
prove theorems and solve puzzles and 


a wide variety of logical problems. 
Thus, the generality of its particular 
reasoning technique—called means- 
ends analysis—was convincingly 
demonstrated. 

Unfortunately, attempts to apply 
such general methods to larger and 
messier real-world problems were 
mostly unsuccessful. The methods 
were not wrong, they were just insuf- 
ficient. They did not address the dif- 
ficulties of reshaping a problem into a 
form the programs could work оп, 
Nor could these general methods, by 
themselves, cope with the enormous 
search spaces of alternatives. 

How do people cope with these 
same problems? One answer is that 
people know much more than com- 
puters, People rarely solve problems 
by reasoning everything out from the 
first princíples. While recreational 
puzzles can often be solved by strict 
logical deduction, many real-world 
problems seem to be solved by 
"semilogical" methods, such as 
recognizing one of a thousand 
Familiar patterns applying to the cur- 
rent situation and recalling the ap- 
propriate thing to do when that pat- 


re Computing Power 
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SRS n t 


The MicroFrame® is Pure Power for comput- 
ing. It is the industry standard for high quality, 
reliable S-100 mainframes. 


ТЕ! manufactures each MicroFrame® with 
great care. They deliver pure regulated power 
at the proper level, improving the reliability of 
your computer. Typically, the output voltages 
remain virtually constant, even when the pow- 
er line voltage varies widely. The MicroFrame® 
will never notice a brown-out . . . and it provides 
100 db noise rejection, protecting your corn- 
puter from powerline voltage spikes and noise. 
Complies with І-ЕЕЕ S-100. 


The combination of the lowest noise bus, a 
regulated power system and a rugged chassis 
produces a MicroFrame® without equal. 


Distributor and OEM Inquiries Invited 


For more information, call Rick Barnes at (713) 738-2300 


MicroFrame 


5075 S. LOOP EAST, HOUSTON, TX. 77033 
тетин (713)738-2300 TWX. 910-881-3639 


— a —— M „Ны 


tern. occurs. In everyday affairs, 
logical deduction is an adjunct to 
other mental processes. 

Recognizing that knowledge is as 
important as reasoning, AI research- 
ers have worked on a variety of 
methods for representing and using 
knowledge. They have also grappled 
with fuzzier kinds of problems, where 
logic is supplemented by hunches 
based on experience and judgment. 
One result has been the development 
of several knowledge-based expert 
systems—programs that exploit 
special knowledge to solve difficult 
problems in specialized areas. These 
programs include the DENDRAL pro- 
gram for mass-spectrum analysis (see 
reference 14), the MYCIN program 
(reference 27) and several others 


| 1а 
The R1 system (configuring VAX systems) 


(references 18 and 25) for medical 
diagnosis, the PROSPECTOR pro- 
gram for mineral exploration 
(reference 11), and the R1 program 
for configuring VAX computer 
systems (reference 20). 


Representing Knowledge in Rules 

How do you represent the 
knowledge needed to do these kinds 
of tasks? That is still a matter of 
debate and active research in AI 
circles. One popular approach is to 
use IF-THEN rules (also called 
situation-action rules or production 
rules). These rules say that if a certain 
kind of situation arises, a certain kind 
of action can be taken. They are 
typically used to capture the kind of 
"semilogical" response to familiar 


IF: (1) The currant context is assigning devices to Unibus modules, and 
(2) There is an unassigned dual-port disk drive, and 
(3) The type of controller it requires is known, and 
(4) There are two such controllers, neither of which has any devices 


assigned to it, and 


(5) The number of devices that these controllers can support |5 known 


THEN: (1) Assign the disk drive to each of the controllers, and 
(2) Note that the two controllers have been associated and ihat each sup- 


ports one devica. 


1b 
The MYCIN system (medical diagnosis): 


IF: (1) Tha site of the culture is blood, and 
(2) The identity of the organism is not known with certainty, and 
(3) The stain of the organism is gramneg, and 
(4) The morphology of the organism is rod, and 
(5) The patient has been seriously burned 


THEN: There is weakly suggestive evidence (0.4) that the idantity of (һа 


organism is pseudomonas. 


іс 


The PROSPECTOR system (mineral exploration): 


IF: There is hornblende pervasively altered to biotite 


THEN: There is strong evidence (320, 0.001) for potassic zone alteration, 


Table 1: Sample IF-THEN rules from three knowledge-based expert systems. Table 
1a shows a rule that the RI system uses to configure DEC's VAX systems. Table 1b 
shows a rule that the MYCIN system uses to perform medical diagnosis. The number 
0.4 indicates the degree to which the conclusion follows from the evidence on a scale 
of 0 to 1. Table 1c shows a rule used by PROSPECTOR in mineral exploration, The 
number 320 indicates how sufficient the evidence is for establishing the hypothesis if 
the evidence is, in fact, present; the number 0.001 indicates the degree to which the 
absence of this evidence will rule out the hypothesis. Both these numbers are 
multipliers. Values greater than 1 increase the likelihood of the sufficiency or necessi- 
іу of the evidence for establishing the hypothesis, and values less than 1 decrease the 


likelihood. 
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Engineers and other 
Aerospace Professionals 


Bring your 
great ideas t 
Martin 
Marietta 
ORLANDO, FLORII 


Orlando is situated in the 
center of Florida's year-roun 
outdoor living and cultural 
activities. Orlando also Боая 
an exceptional education 
system and no state income 


* Guidance/Control 
Systems Analysis 
® System Requiremen 
Analysis/Definition 
Integration 
Radar System Desigi 
ATE Electronic or 
Software Design 
Structural Dynamic: 
Analysis 
Facilities Design: 
EE, ME, HVAC 
Tool Design 
Industrial Engineerii 
NC Programming 


DENVER, COLORAI 
Located оп the foothills of tt 
Rocky Mountains, Denver 
Offers year-round recreationa 
and cultural opportunities 
including theater, symphonic 
and museums. 


* Electronics Engineer 

e Systems & Test 
Engineers 

* Manufacturing 
Engineers 

* Mechanical Enginee 

е Quality Engineers 

е Software Engineers 

е Materiel 

* Finance 


Engineers and other Aerospace Professionals 


Your great ideas today 
could become a great advance tomrrow 
at Martin Marietta 


^?Wullimeten awe 
Contrast Seeker 


Conical саи M. NU Signal 
nut A AA ; 


Great advances are built on solid experiences. At \ 
Martin Marietta Aerospace, we're playing а | | de^ | 
bigger role than ever in the extraordinary | » MA Gimbal 
evolution in defense and space technology. We 
know that tomorrow's great ideas are going to 
come from those people working in a challenging 
and sophisticated environment with today's great 
technologies. In Orlando we're working on a 
broad range of projects including the Millimeter- 
wave Contrast Seeker used in the Copperhead abuucfunal 
Guided Projectile. Our success has led to many shell. 
on-going projects including Pershing Il, a tactical 

interdiction system, and TADS/PNVS, a 

helicopter fire control system. 


When you join Martin Marietta, you'll find the 
excellent salary and complete benefits coverage 
you'd expect from an industry leader. Learn 
about career opportunities in Orlando, or our 
other locations by sending your resume or a 
letter to the facility of your choice. 


In Orlando: РО. Box 5837-MP#9, Orlando, FL 
32855; In Denver: РО. Box 179, Mail #D-1311, 
Denver, CO 80201; At Vandenberg AFB: 
Box 1681, Vandenberg AFB, CA 93437; In 
New Orleans: Michoud Assembly Facility, 

Box 29304, New Orleans, LA 70189. 


We are an equal opportunity employer, m/f/h. 


MARTIN MARIETTA 


patterns that characterizes much of 
everyday human thinking. Table 1 
lists examples of rules from several 
rule-based systems. 

In general, rules like these represent 
a "chunk" of knowledge about a par- 
ticular field. Most existing rule-based 
systems contain hundreds of rules, 


SINGLE RULE 


HYPOTMHESIS 


Figure 1: Combining rules into networks. Expert systems may consist of hundreds of IF- 


usually obtained by interviewing ex- 
perts for weeks or months. For exam- 
ple, the MYCIN system contains 
about 450 rules; the R1 system has 
about 800, and the PROSPECTOR 
system has about 1600. In any 
system, the rules become connected 
to each other to form rule networks. 


NETWORK OF RULES 


THEN rules combined into networks like these, 


Choice 


GNT Makes a Tape Punch Station and 
a Tape Reader/Punch Combination. 


Both are small, quiet, and economical. 
One wh ee will fit your needs exactly. 


The 4601 Combo 
* Punching speed: 75 Cps 
Reading speed: up to 150 Cps 
= RS-232-C serial interface 
“ Utilizes all types of Mylar* and 
| paper tape 


« Reliability: MTBF 100 million 
characters 


The 3601 Punch 
" Punching speed: 50 or 
75 Gps 
“ Н5-232-С serial interface 
" Utilizes all types of Mylar* and 
paper tape 


* Reliability: MTBF 100 million 
characters 


п pum your local dealer or call for complete specifications. 
See us at NCC — Booth 3004 


t GNT AUTOMATIC INC 


1560 Trapelo Road, Waltham, МА 02154 (617) 890-3305 Telex: 923318 
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Once assembled, such networks can 
represent a substantial body of 
knowledge. Figure 1 illustrates how 
rules are combined together into net- 
works, 

An expert usually has many judg- 
mental or empirical rules according to 
which the evidence supports a conclu- 
sion or hypothesis, but with less than 
absolute certainty. In these cases, 
numerical values are associated with 
each rule to indicate the degree to 
which the hypothesis or conclusion 
follows from the evidence. Table 1 
shows two examples of such rule- 
strength values: in the case oF MYCIN 
(table 1b), the value 0.4 (on a O to 1 
scale) means that the conclusion is 
weakly suggested from the evidence. 
In the case of PROSPECTOR (see 
table 1c), two numbers are 
given—one indicates how sufficient 
the evidence is for establishing the 
hypothesis if the evidence is present, 
the other indicates the necessity of the 
evidence for the hypothesis, ie: the 
degree to which the absence of that 
evidence will rule out or “kill” the 
hypothesis. (There is more about the 
meaning of these numbers in the later 
section on PROSPECTOR.) 

The rules are not implemented as 
subroutines or in any other part of 
the code of the program. Instead, the 
rules for a particular task are written 
in a specialized language, which is 
then input by the program to produce 
an internal representation that makes 
the expert system an expert about 
that task domain. The program itself 
is only an interpreter and a general- 
reasoning mechanism. This illustrates 
an important distinction between 
rule-based systems and more conven- 
tional computer programs: there is a 
clear separation of general knowledge 
about the problem (the rules forming 
a knowledge base) from information 
about the current problem (the input 
data) and methods for applying the 
general knowledge to the problem 
(the rule interpreter). Figure 2 il- 
lustrates this contrast. (Lines 3880 
through 4040 of listing 1 give a set of 
rules input to that program.) 


Putting Knowledge to Work 
After the knowledge has been en- 


ІНЕ BIGGEST МАМЕ 
IN S-100 MEMORY 


PRESENTS 
ІНЕ BIGGEST 
S-100 MEMORY: 


128K RAM 21 


RAM 21 isn’t just big, it’s versatile. For 8 bit systems, it’s a 128K X 8 board; for 16 bit systems, 
a 64K X 16 board. Addressing conforms to IEEE 696/S-100 24 bit extended address protocol. 
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8 bit systems or more powerful 16 bit systems. 
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Rugged, all metal construction minimizes interference 
both to and from other electrical devices while 
providing unequalled mechanical strength 


Punchouts on rear for four coax connectors, sixteen DB-25 
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connectors for connecting cables to other peripherals 
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air pressurization to prevent 
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textured beige finish 5...7 
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Operation 


Line filter traps power line spikes 
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position boards for mechanical 
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high speed (10 MHz) system clocks 
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PROVEN Computing SOLUTIONS 


We give you more of what you buy a computer for: to gain a competitive 


edge in your industrial, commercial, or scientific application. 


While other 


computers try to make the best of slow memory, slow processors, and me-too 
engineering, CompuPro is delivering solutions for today's commercial computing 
...proven solutions that create expandable, modular, fast, exceptionally reliable, 
and truly professional level machines that conform fully to the IEEE 696/S-100 


standards. 


We back all products with a minimum 1 year limited warranty. 


When you depend on your computer, choose a computer on which you can depend: 
S-100 from CompuPro. 
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2 CP/M-86. Available only with Disk J purchase. Supplied on diskette with 
full documentation; ready for load nnd go operation. $300. 


3 OASIS* OPERATING SYSTEM. Single user ($500) and multi-user ($850) 
available for use with CPU Z. Supplied on diskette with full documentation- 
Caming soon: OASIS 16 for use with 16 bit systems. 


4 COMPLETE DUAL DISK DRIVE SYSTEM. With one Disk 1 board, 
desktop dual drive enclosure with Shugart SA-800 series drives, and power 
supply cable. Also includes СР/М-80. Introductory apecial: $2195. 


8 SYSTEM SUPPORT 1. Includes battery operated cinck/calendar; 
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controllers; power fail interrupt; and mare. Comprehensive owner's manual 
includes numerous software examples. $295 Unkit, $395 A/T, $495 CSC (add 
$195 to the above prices for the optional math processor). 


б 8 BIT CPU Z. А ZB80*-based CPU board that includes all standard 
їсаїйгєз plus many convenience options, Meets ай IEEE 696/5-100 
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MHz), $395 CSC (with 6 MHz CPU). 
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tool; mnemonics used in debug conform as closely as possible to current 
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9 ввїт CPU 8085. Same as CPU 8085/88, but without 8088. Мау be casily 
upgraded to 16 bit operation. $235 Unkit, $325 A/T, $425 CSC. 


10 INTERFACER 1. Two RS-232 serial ports. with full handshaking and 
independently selectable Baud rates, connect your compoter io serial 
peripherals, $199 Unkit, $249 A/T, $324 CSC. 


}1 INTERFACER 2. Adds three full duplex parallel ports, and onc serial 
port with all the features of an Enterfacer 1 serial port. lo your computer, $199 
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12 INTERFACER 3-5. Includes five RS-232 serial ports (2 synchronous, 
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programmable Baud rates and many other convenience features. $599 A/T, 
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13 INTERFACER 3-8. Same as above, but with eight full RS-232 serial ports 
(2 synchronous/asynehronous, 6 asynehroneus) Ideal for multi-user/ 
multi-terminal systems. $699 A/T, $849 CSC, 


14 SPECTRUM COLOR GRAPHICS BOARD. With 8K of IEEE-compa- 
tibie static RAM, full duplex bidirectional 1/0 port for keyboard or joystick 
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15 6 SLOT HIGH SPEED MOTHERBOARD. With all edge connectors. 
Faraday shiclding. extensive bypassing, and split active termination. $89 
Unkit, $129 A/T. 


16 12SLOT HIGH SPEED MOTHERBOARD. Same as above, but with 12 
slots, $129 Unkit, $169 A/T. 


17 20 SLOT HIGH SPEED MOTHERBOARD. Same as abewo., but with 20 
shots. $174 Unki, $214 A/T. 


18 MEMORY MANAGER. Extends the addressing of older §-100 machines 
beyond 64 KBytes то allow for greatly expanded memory capacity, 559 Unkit, 
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| 9 ACTIVE TERMINATOR. Promotes reliable and accurate data transler 

in older machines by properly terminating bus lines, thereby minimizing 
ringing. crosstalk. overshoot. noise, and other gremlins associated with 
ünterminnted fines. $34.50 Unkit, $59.50 A/T. 


20 2708 EPROM BOARD. This board is the way to store olten used routines 
or pieces of software. 685 Unkit, $135 A/T, $195 CSC (2708s not included). 


21 DOCUMENTATION. User manuals are available for all products, 
Interfacer 3, $10; Disk Controller, $25; System Support 1, $20; most others, 
$5. Also available: “CompuPro Product User Manuals: 1975 - 1984", This 
250+ page book includes data on all older Godbout/CompuPro products, as 
well as many newer products such as the Spectrum Calor Graphies board, 
Interfacers 1 and 2, CPU 8085/88, motherboards, CPU Z, and more. Whether 
you want За evaluute the innovative engincering behind CompuPro products, 
or study the nuts and bolts of high speed computer operation, this is the bunk 
for you. $20 plus shipping. 


22 RAM 16.64. Configurable as 64K X 8 for 8 bit systems or 32K X 16 for 
th bit systems. Static; [EEE-696/S-100 compatible, extended addressing, IU 
MH» operation. 51195 A/T, $1295 CSC. 


23 RAM 17-64. The lowest power (И Amp typical) 64K X 8 static board in 
the business. IEÉE-696/5-100 compatible, 4 optional 2K windows. па wail 
білге» will) 6 MHz 780. $1095 A/T, 81195 CSC, 8875 Unkit. 


24 RAM 20-32, For tower density applications. Static, JEREE-696/5-)00 
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$559 A/T, $65" CSC, $449 Unki. BK and 16К versions also available. 
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coded as rules, how сап it be put to 
use? This question has more than one 
answer. One general approach is the 
use of a production system (see 
reference 10), À production system 
contains three major components—a 
set of rules, a global data base, and a 
rule interpreter. Some people call the 
set of rules the knowledge base and 
the rule interpreter the inference 
system, McDermott calls the global 
data base the working memory, using 
the term "data base" for a file of need- 
ed facts (see reference 20). Despite 
this variety of terminology, the basic 
ideas are the same. The rules have the 
following general form: 


[F: « antecedent, > 


< antecedent, > 
THEN: « consequent, > 
with certainty C, 


м 


« consequent, > 
with certainty С, 


The antecedents can be thought of 
as patterns that can be matched 
against entries in the data base, and 
the consequents as actions that can be 
performed (or conclusions that can be 
deduced) if all the antecedents match. 
In the case of the R1 example (see 
table 1а), the data base would contain 
assertions about such things as what 


MOST 
TRADITIOMAL 
PROGRAMS 


INPUT 
OATA 


the current context is, and whether or 
not there is an unassigned dual-port 
disk drive. The consequent actions 
can cause changes ta the contents of 
the global data base, by changing an 
assertion about the status of the 
assignment of devices to a controller, 
or by asking the user a question and 
adding the answer given to the data 
base, Thus, the application of a rule 
can change Ше state of the data base, 
enabling some rules and disabling 
others. 


Control Strategies 

How are the enabled rules found, 
and what decides which rules to ap- 
ply? This is the job of the rule inter- 
preter, and the strategy it follows is 
called the control strategy. 

One of the simplest strategies is to 
scan through the rules until one is 
found whose antecedents match 
assertions in the data base. The rule is 
applied, updating the data base, and 
the scanning resumes. This process 
continues until either a goal state is 
reached or no applicable rules are 
found. R1 uses a variant of this basic 
procedure, Since the behavior of the 
system is directly responsive to the 
facts about the problem entered in the 
global base, this is known as a data- 
driven control strategy, This strategy 
is also known as forward-chaining or 
antecedent reasoning, 

We think of each rule as a 
subroutine. Instead of being called by 
name, а production-system sub- 
routine is triggered by the appearance 


RULE-BASED 
PROGRAMS 


RULE 
INTERPRETER 


| RULE 
BASE 


Figure 2: Contrast between traditional programs апа rule-based programs. A rule- 
based program is divided into a general-reasoning program, called the rule interpreter, 
and a file of judgmental rules obtained from an expert, called the rule base or knowledge 
base. The rule interpreter loads the rule base into an internal representation and uses the 
rule base ta guide an interactive consultation with the user. 
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of certain patterns in the data base. 
Anathema to lovers of structured 
programming, such pattern-directed 
systems have long fascinated AI 
researchers (see reference 32). In par- 
ticular, the use of such systems as 
psychological models was pioneered 
by Newell and Simon (reference 22) 
in the development of GPS. 

À different strategy is to select a 
goal to be achieved and scan the rules 
to find those whose consequent ас- 
tions can achieve the goal, Each such 
rule is tried in turn. If the antecedents 
for a rule match existing facts in the 
data base, the rule is applied and the 
problem solved. If an unmatched 
antecedent is encountered, arranging 
conditions to match that antecedent 
becomes a new subgoal, and the same 
procedure is applied recursively. If 
there are no rules to establish the new 
subgoal, the program asks the user 
for the necessary facts and enters 
them in the data Базе. Since the 
behavior of the system is directly 
responsive to the goals the system is 
trying to achieve, this is known as a 
goal-driven control strategy. (This 
strategy is also known as backward- 
chaining or consequent reasoning, 
and is closely related to means-end 
analysis.) A variant of a goal-driven 
control strategy is used successfully 
by MYCIN and is the method used in 
the micra expert-system described in 
the last section of this article. (It is 
possible to use other control 
strategies that combine elements of 
data-driven and goal-driven policies, 
as we did in our work on PROSPEC- 
TOR. See reference 11.) 


System Characteristics 

We can now see more clearly how 
rule-based expert systems differ from 
more conventional computer pro- 
grams. Ав mentioned earlier, one ma- 
jor difference is the separation of the 
expert knowledge (the rules forming a 
knowledge base) from the general- 
reasoning mechanism (the rule inter- 
preter) This partitioning, together 
with the further division of general 
knowledge into many separate rules, 
offers several important advantages: 
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knowledge base over an extended 
time by letting the developers refine 
old rules and add new ones 

ethe same general system can be used 
for a variety of applications, essen- 
tially by “unplugging” one set of rules 
and "plugging" in another 

ethe same knowledge can be put to 
use in different ways (including 
teaching) by changing the rule inter- 
preter 

ethe program can give simple and il- 
luminating explanations of its 
behavior merely by describing the 
rules it is applying (this also turns out 
to be a powerful way to debug faulty 
rules) 

ethe possibility of developing 
systems that are introspective (eg: can 
check the consistency of their own 
rules) and evolutionary (eg: can 
modify their own rules and learn new 
ones) 


All these advantages are present in а 
rudimentary but interesting way in 
the micro expert-system described at 
the end of this article. 

Another characteristic of most ex- 
pert systems is that they try to mimic, 
at least to some extent, the way 


Function Domain 
Medicine 
Medicine 
Medicine 
Medicine 
Medicine 
Engineering 
Geology 
Chemisiry 
Chemisiry 
Chemistry 


Diagnosis 


Search 


Problem 
Salving and 
Planning 
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Insttuction 
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Diagnosis 
Diagnosis 
Diagnosis 
Syslem - 

Building — 


Circull analysis 


human experts make decisions. The 
"spot-a-pattern/draw-a-conclusion" 
style of reasoning is used as much by 
experts on special problems as it is by 
all of us on day-to-day problems; 
what distinguishes the expert from 
the rest of us is the expert's unusual 
and valuable set of rules, Such rules 
are often not conclusive, but only 
suggestive of the conclusion. For ex- 
ample, if a car won't start and the 
headlights are dim, the battery is 
probably bad, but there are other 
possibilities. To mimic experts, then, 
a rule-based system should let the ex- 
pert state the degree of significance or 
certainty that should be attached ta 
the conclusion of a rule. 


А Sampling of Expert Systems 

To understand both the capabilities 
and limitations of knowledge-based 
systems, it is helpful to examine 
specific systems created to salve par- 
ticular problems. At first glance, their 
only common characteristic seems to 
be their reliance on explicitly encoded 
knowledge, Groupings based on the 
method of knowledge representation 
(eg: production rules) or on the do- 
main of application (eg: medicine) 


Sysiem Reference 
PIP 

CASNET 
INTERNIST 
MYCIN 

PUFF 

SACON 
PROSPECTOR 
DENDRAL 
SECHS 
SYNCHEM 


1 
HASP {5Ш/Х) 
VM 


SOPHIE 
GUIDON 
TEIRESIAS 
ЕМҮСІМ 
ЕХРЕНТ 
KAS 

ROSIE 

AGE 
HEARSAY Il 


Table 2: A classification of existing knowledge-based systems by function. Numbers 
at the right indicate references about each system (given at the end of the article). 
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reveal little additional commonality. 

However, we can gain some insight 
by grouping the systems according to 
their general function. Table 2 shows 
a classification of well-known 
knowledge-based systems into eight 
general categories, We will now 
define most of these categories and 
describe some representative pro- 


grams, 


Diagnosis Problems 

The general diagnosis problem is 
one of classifying an object, event, or 
situation on the basis of perhaps 
uncertain information about its 
characteristics. The categories may ог 
may not be mutually exclusive, and 
the data can be acquired sequentially 
or in parallel. In a formal sense, 
diagnosis problems can always be 
posed as problems іп statistical- 
decision theory, whose solution 
usually requires the estimation of a 
multivariate probability function 
from vast amounts of data. The 
knowledge-based-systems approach 
to such problems effectively 
substitutes the knowledge and judg- 
ment of expert humans for this 
unknown function. 

Several impressive knowledge- 
based systems have been developed 
for medical-diagnosis problems, The 
INTERNIST program developed by 
Pople and Myers at the University of 
Pittsburgh uses information from 
4000 possible manifestations to 
diagnose problems of internal 
medicine that can involve multiple in- 
stances of 500 different disease types 
(see reference 25). The program con- 
tains a large taxonomy of disease 
types, together with rules that link 
manifestations to these types, as well 
as an ingenious control procedure for 
narrowing down the disease classes 
that explain the manifestations. [n 
many tests, INTERNIST has demon- 
strated the capability of correctly 
diagnosing multiple-disease cases 
described in medical] journals as being 
particularly difficult. 

Another well-known medical- 
diagnosis program is the MYCIN 
system developed by Shortliffe and 
his colleagues at Stanford (see 
reference 27). MYCIN is a consulta- 

Text continued on page 259 
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“Humans оге no longer limited to philosophic іп- 
trospection in their strivings for self-knowledge. 
They can now attempt to analyze and under- 
stand the workings о! the human mechanism." 

Егпезі W. Kent 
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for anyone to begin to explore 
this new territory às o com- 
poser and campuler expen- 
menter - transforming the small 
computer into on ideal instru- 
ment for creating compositions 
in aurai and visual art. 

John Whitney is on the 
Faculty in the Department 
of Art at the University of 
California, Las Angeles. 
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А INVER! IONS. Jo 
А Catalogue et” 
Calligraphic 
Cartwheels’ 


by Scott Kim 
Foreword by Douglos Hotstacer 
Bockword by Jef Raskin 


Surprising symmetries in 
design and letterforms 


Ilusion — , calligraphy , 
visual magic - Scott Kim's new 
hook, inversions, delights the 
eye and enchants the mind, 
Riteo with intriguing designs, 
words that read the same right- 
side up and upside down. 
words within words, and un- 
expected symmetries, these 
compositions creote а fresh 
way to look ot the alphabet 
Тһе text includes the visual 
principes of symmetry, ettering. 
ond problem solving thot ore 
basic fo these images. The 
author abo draws parallels to 
related exercises in perception 
in such diverse areas as art, 
music, word ploy, and mathe- 
matics Scott Kim's orignal 
inversion designs first oppeored 
In Omni magazine, inspiring 
an overwhelming reader re- 
sponse. An irresistable chol- 
lenge. invertibie writing appeals 
lo everyone who loves beouty 
In mathernatics ond design. 
Scott Kim is a doctoral student 
m Computer Sclence ot Stan- 
tord University ond is a concert 
pianist anc composer. 


ISBN O-O7.034544-5 
128 pages 

softcover 

over 50 illustrations 
ovollable summer 1981 


$8.95 


BRAINS, 
BEHAVIOR, 
AND ROBOTICS 


by James 5. Albus 


Robotics design 
and applications 


This Computer-oriented guide 
explores how the brain functions 
primarily as a computer davice 
for generating and corr 
troling behavior. The author 
assesses behavior os o product 
of three hierarchies of 
computing modules: 
* memory modules 
« behovior-generating modules 
* 5ensory-processing modules 
A section on artificial intell- 
gence thes this hierarchical 
modei to vital computer 
science techniques such as 
planning, problem-solving, 
machine vision, natural 
language understanding ond 
knowledge representation. А 
closing section on robotics 
discusses the design consid- 
erations in constructing a robot 
control system fashioned after 
this model of the brain, ond 
explores the current and 
potential use of robots in 
ow environment 

Dr. James S. Albus is Project 
Manager with the National 
Bureau of Standards. 


ISBN О-О7-О00975-9 


1BO illustrations 


$15.95 


THE BRAINS OF 
MEN AND MACHINE 


by Ernest W Kant 


Human models for 
computer design 


When the “Brains of Men and 
Machines" series of orlicles 

first appeared in BYTE 
magazine, the response was 
immediate ond enthusiastic. 
Now Ernest W. Kent has expand- 
ed his ideas about the brain 
inta а ful-lengfh book. As 
researchers begin to unrovel 
the mysteries of the brain's 
chemical, electrical, and 
synaptic circuitry, their findings 
are becoming Imrnediatety 
applicable to advances in 
robotic behavior and computer 
design. The Brains of Men and 
Machines “dissects” the brain 
to provide new insights into 
computer design and artificial 
intelligence. 


it is one af the rare books that 
transcends disciplinary bound- 
aries. In it the ever-increasing 
relationship between man and 
machine is freshly examined - 
а relationship, Professor Kent 
conchides, that is today being 
reexamined in the ight of 
man's own neurological 
self-image. 

Dr. Emest W. Kent 5 a 
Professor of Physiological 
Psychology and Psycho- 
pharmacology at the University 
of Minois at the Chicago 


Circle Campus. 
ISBN O-O7-O34123-O 
perder 
cover 
Mus 615.95 


The BYTE BOOK Collection ................. 
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BASIC 

SCIENTIFIC m 
SUBROUTINES, 

VOLUMES 


] AND 2 
by Fred Ruckdesche) feme— a" 


Valuable programs for 
professional and hobbyist 


Designed for the angineer, scientist, 

expenmenter, and student, this series pra- 

senis a complete scientific subrouline 

package іп BASIC 

* Volume 1 covers plotting, complex vari- 
abies, vector ond motrix operation, 
random number generation. and series 
approximahons 

* Volume 2 continues with least-squares 
approximation, special polynomial 
functions, appraximating techniques, 
Optimization, roots of functions, inter- 
polotion, differentiation. integration, and 
digital filtering. 

These volumes feature routines written in both 

standard Microsoft and North Star BASIC, 

extensve appendices, and subroutine 

cross-referenes 


Dr. Fred Ruckdeschel is a Principal 
Scientist with Dynacomp, Inc. 


VOLUME 1 VOLUME 2 

ISBN О-О7-054201-5 ISBN О-07-054202-3 
336 pages 384 pages hardcover 
hardcover illustrated 

illustrated available Fall 1981 


Bascal THE BYTE 
BOOK 
“лаб ts Garten A O OF 


—-— PASCAL 
Biase W. Liffick, Editor 


А powerful, structured language 


Based on articles, longuage forums. and 
letters from BYTE mogaane, this work is a 
valuable sofiwore resource. Pascal corn- 
tinues to be popular as a structured pro- 
gramming language. Written for both 
potential and established users, this book 
introduces the Pascal language and 
exomimes its merits and possible imple- 
mentations Feotured are two versions of о 
Pascal compiler, one written In BASIC ond 
the other in ОВО assembly languoge: 

a p-code interpreter written in bath Роѕссі 
ond 8OBO assembly language; а chess- 
playing program. and on APL interpreter 


ISBN O-O7-O37823-1 
334 pages 
hardcover 


$25.00 


THREADED 
INTERPRETIVE 
LANGUAGES 


by Ronald Loeliger 


How to implement 
FORTH on your Z8O 


Threoded languages (such as FORTH) are 
compact giving the speed of assembly 
languoge with the programming ease of 
BASIC They combine feotures found in no 
other programming languages. This book 
develops an intergctive. extensible 
language with specilic routines for the Zilog 
ZBO microprocessor With the core inter- 
preter, assembler, ond data type defining 
words Covered in the text, it 5 possble to 
design and implement programs tor atmos! 
any application and equivalent routines 
for differant processors, 


Ron Loelger 6 а Senor Anolyst with 
Intermetrics, Inc 


ISBN O-O7-O38360-X 
272 pages 
hardcover 

illustrated 


$18.95 


ew. BEGINNER'S 
cnbe i GUIDE FOR 
A rens THE UCSD 

PASCAL 
— SYSTEM 


by Kenneth L Bowles 


The rnost popular Pascal 
version explained by its creator 


Written by the onginotor of UCSD Pascal 
System, this Inlormative book в an oriento- 
ног guide ta the UCSD Pascal System. For 
the novice. this book steps through the 
System, bringing the user fo о sophisticated 
level of expertise. Once familar with the 
System, the reader will find Ihe gude an 
invaluable reference tool for creating 
advanced applications, The package offers 
programs which may be run without 
alteration on. 
® DEC РОР-ТІ or General Aulomation 
minicomputers 
» Western Digital Microengines 
> 8080 8085, 780, 6502. 6800. 9900 or 
AM-IOO based microcompulers (includ. 
ing Ме populor Apple Il and Radio Shack 
TRS-8O microcomputers) 


Dr. Kenneth L Bowles I5 Director of the 
Institute for Intormation Systems, University 
of California. San Diego. 


ISBN O-07-006745-7 
204 pages 
softcover 


611.95 


FOP SOFT ттк? а 
arated WitarP | 


= 
YOU JUST 2-9” 
BOUGHT m. 
A PERSONAL © = 
WHAT? ҒЫ ay 


by Thomas Dwyet and Margot Crilchfield 


A Structured Approach to 
Creative Programming 


Intended for both (һе novice programmer 
and the expenenced compuler enthusiast. 
this book presents practical ideas for 
personal computer use сі home or al work. 


15 approach is especially suitable for 
educational purposes Written by the 
leading contribulors of cornpuler educa- 
Мол motenal, Iris book is an entertaning 
and resourceful too! There are over ӨО 
ready-to-use programs watten in Microsoft 
and Level i| BASIC for the 15-80 In the oreas 
of educational games, financial record 
keeping. business transactions. disk 
based files, and word processing 

Dr Thomos Dwyer is a Professor of 
Computer Science at the University of 
Pittsburgh 

Margo! Critchtield is а doctoral student 
іп Foundations in Education ot the Univer. 
sity of Pittsburgh 


ISBN O-O7-O18492-5 
343 5 


soficover 
78 illustrations 


$11.95 


BEYOND GAMES: 
SYSTEM 
SOFTWARE 
FOR YOUR 
6502 
PERSONAL 
COMPUTER 


by Kenneth Skier 


Creating programs for the Apple, 
Atari, Challenger and 
PET computers 


At last. о complete programming guide 
book for owners of personal compulers 
игі the 6502 microprocessor А self- 
contained course in structures programming 
and top-down design, this book presents 
а powerful se! of fools lor building an 
extended monitor, disossembler, hexodec 
ксі dump routing, and text editor programs 
Programs are thoroughly explained, with 
cleor insiructions for modifications 

Kenneth Skier i а Systems Programmer 
for Wang Laboratories, Inc ond a Lecturer 
of MIT 


ISBN О-О7-057840-5 
440 pages 
softcover 

illustrated 


514.95 


stimulating, provocative, problem-solving 
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Qircuit ‘Dalton 


CIARCIA'S 
CIRCUIT 
CELLAR 


by Sigue СОЮ „сс йыл 


Practical uses for home computers 


imaginative and practical, Ciorcio's Circuit 
Cellar details a variety of microcomputer 
projects. А collection of the best articles 
from Ме popular series іп BYTE mogazine. 
this volume includes 

е D/A conversion 

* Pragramming EPROMS 

® АС ramote-controlted appliances 

е digitized speech 

> touch input video disploy 


Complete instructions are given an how іо 
construct each project With amusing 
anecdotes and an easy-going Яүйе, 
Clarcio presents bis material іп such o 
manner that even a neophyle need not be 
ofrax ot it. 


ISBN O-O7-O10960-5 
125 


Pages 
softcover 


color photographs and diagrams 


$8.00 


CIARCIA'S 
CIRCUIT 
CELLAR, 
VOLUME Il 


by Steve Ciorcia 


More practical uses for 
home computers 


Composed of popular articles from BYTE 

magazine, thís volume telis how micro- 

computers соп be uniquely Intertoced to 

our environment. Projects include 

* bulding o computer controled home- 
security system 

• computenzing appliances 

е transmitting digito! information over а 
beam of light 

* buding the intel 8086 microprocessor 
system design kit 

* input-output expansion for the TRS-8O 

ISBN О-О?-ОТО963-Х 

224 pages 


soficover 
photographs ond diagrams 


$12.95 


order now 
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COMPUTER => 
STRUCTURES \ ba 
by Henry D'Angelo. 8 


Digital Electronics, 


Logic Design, and 
Computer Architecture 


Today. there is an increasing demand for 
computer users who are not only well-versed 
in softwore, but who can also maintain, 
modify, and design thelr own hardware. 
systems 

This text introduces computer users with 
мне or no background In digital hardware 
to the basic computer structures used in 
microcomputer design and microcomputer 
interfacing. Heipful examples ond end-of- 
chapter exercises further illustrate the 
vanous concepts presented, and o detaled 
bibliography provides additional reading 
opportunities As о resource and textbook, 
Я wil assist 
е programmers and systems analysts 
* engineers and scientists 
- monogers 
® students 
Detailed Instructor's Manual also available. 


Dr Нему D'Angelo ts the Associate Dean 
of the College of Engineenng and Professor 
о! Manufacturing Engineering al Boston 
Uruversily 


ISBN O-O7-O15294-2 Instructor's Manual 
288 pages ISBN oe ОТАР 


hardcover 5ойсоче 
314 illustrations 


available spring 1981 8.95 
$18.95 7 


BYTE Books’ reputation is based 
on providing technically 
accurate, useful, and timely 
information. Established an the 
same principle as BYTE 
magazine, BYTE Book's evolved 
in response to Ihe rapidly ex- 
panding audience of home 
ond business computer users. 
Computer professionals and 
enthusiastic newcomers need 
to keep pace with this 
unabated growth. This selec- 
tion of BYTE books can 

expand your library of knowl- 
edge and expertise. 
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BUILD 
YOUR OWN | 
280 
СОМРІЛЕК 


by Steve Clarcia 


Every step spelled out for 
do-it-yourself buffs 


For Ihe engineer, computer technician 
student, and anyone interested in bulding 
o computer rather thon buying one, this 
proctical guide shows how іо buld в work 
ing computer based on the Zilog ZBO micr 
processor, Each computer subsystem is ful 
explained and supported by proven без 
and testing information The description 
focuses on o basic single-boord micro- 
computer containing 

s есѕу expansion to Include o video temi 
«a 1 K-byte operating system 

в serial and parallel ports 

e hexadecimal display 

* gudio cassette mass storage 


Readers can modify the system fo meet 
personal needs. 

Steve Clarcia is о Computer Consultant, 
Electrical Engineer, and author of “Ask 
Byte" ond "Ciorcio's Circul Cellar” columr 
in BYTE magazine. 

ISBN O-07-O10962-1 
330 pages 


softcover 
avoailabte summer 1981 


$15.95 
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Starting Today, BIZCOMP Takes Over 
as the Price/Performance Leader 


We all know about the old fashioned acoustic coupler. Ask any computer hot-shot. Finicky, 
prone to room noise, vibration. A mechanical weak-link in your otherwise all-electronic systern. 
RELIABILITY is the key to no-hassle computing. And everybody knows you don't get reliability 
with mechanical system components. So go ask that computer hot-shot — they'll tell you 
BIZCOMP's VersaModem all-electronic modem provides the new wave in personal communi- 
cations. À fully FCC certified direct connection to the telephone network. Exciting? You bet! 


Not only can you access The Source, MicroNet, Dow-Jones, Computer Bulletin Boards and 
University computers — Пе VersaModem offers access to a variety of specialized online 
databanks and timesharing services. The VersaModem is simple to install and operate. And 
it's compatible with standard data terminals and a host of personal computers. 


Before you buy a computer modem, look at BIZCOMP's versatility. Look at BIZCOMP's quality. 
With BIZCOMP's VersaModem you won't need another modem. If your local computer store 
doesn't already have a VersaModem on display, ask them when they will! 


BIZCOMP Communications... 
Why not start with the best? 


РО. Box 7498 ® Menlo Park, СА 94025 € 415/966-1545 


Capyrighnt © 1981 Business Computer Corporation 
Circle 41 on Inquiry card. 


Text continued from page 248: 

tion designed to diagnose bacterial in- 
fections and recommend antibiatic 
therapy. MYCIN is organized around 
the systematic use of a large collec- 
tion of rules that link patient data to 
infection hypotheses. Formulas based 
on a probability-like theory of cer- 
tainty are used to accommodate the 
inexact nature of the relevant medical 
knowledge. In several ways, the pro- 
gram exploits the modularity provid- 
ed by the use of rules to express this 
medical knowledge. From а system- 
development standpoint, modularity 
allows long-term incremental 


development of the system by con- 
tinual expansion and refinement of 
the rule base, The program obtains 
information from a user by simply 
chaining backward through the rules. 
This lets the program furnish simple 
but useful explanations of its reason- 
ing by stating the rules it is using. 


Search 

Many problems in graph theory, 
game theory, and other areas of 
discrete mathematics can be posed as 
search problems. These problems are 
characterized by the existence (at 
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The MAX BOX: Manufactured by John D. Owens Associates. B" dual drive cabinet com- 
plete with power supply & fan. Will ii Qumes, Shugarts or Siemens. Excellent design 


$ инт 


and engineering . - 
With 2 Shugart 8018 Drives. Si, 275. 


Fe. 1118205 „ҺАЙ 
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Mullti-teser (up to 16 users) 


drive, unformatted 


GRAPHICS EQUIPMENT 
MICROANGELO 


5-100 Graphics card "AM ! 


WE EXPORT: 


ТЕНГИІНЛА ҒА ВА ЛЕЛИЕСТТЕТЕТЕГІГ | ман! ом ЕТТІПЛТЕП ТЕГТЕТЕЛТЕ ТЕТЕ 


With 2 QUME Double sided drives. 51,680. 


CALIFORNIA COMPUTER SYSTEMS HIGH IN QUALITY, LOW IN PRICE 
280 CPU, 4 Mhz, with one serial port; 12 slot 5-100 iiri dick controller, 64K 
Dynamic Ram, CP/M 2.22 SYSTEM 2210A . .. 
We canfigure complete systems with drives and additional vi O. 


IMS 5000 and 8000 Systems and IMS Memory 
Outstanding long term reliability and performance. These systems feature a Z80A CPU, 
5-100 bus; double density drives (either single or double sided), DMA disk controller, 64K 
КАМ, 2 serial & 1 parallel port. Prices include the very Finest implementation of СРАМ® 
available in the entire industry. Hard disk and multi user software options, 


Multi-User, Networking Operating System: TURBODOS 
Turbodos: Spectacular new CP/M* compatible operating system. 280 code, interrupt 
driven. Up to 6Х faster than CP/M up to 35% increased disc capacity. IMS compatible. 

қ 5750. Single user — , 


PER SCI—THE KING AND QUEEN OF DRIVES! 
Model 299B: Dual headed drives, tota] 3.2 MB unformatted ,, .. $2,300. 
Model 277: Dual 8 inch drives, voice coil P IBM compatible 1600K BYTES per 


Slimline cabinet and power for either 277 є оғ 299. 


High resolution graphics item: 15" 22МН2, green ' phosphor screen, 72 key keyboard; 


includes complete cabling and software, ey SCION. Screenware PAK Il, . 


HIPAD DIGITIZER from Houston TUE Create graphics u using stylus. Easier 
than joystick or keyboard input. For 5-100, Apple. TR5-80. РЕТ. T 


GRAPHICS SOFTWARE. On line, real time, for the M9900 to ines the Microangelo, 
For ове іп design of PC board masks, IC masks and other applications, . 


CAT 100 Full Color Graphics: Digital Graphics Р 5-100 colori imaging p 
wi high performance video FRAME/GRABBER, ._... TT 


MAURO МР-250В Proac Plotter: Uses апда | paper, Fs af pen colors and =ч 
widths, resolution is 200 steps per inch; . 005" tracking error; 85232... .. 


Overseas Callers: 
Phone 212 448-6298 ог Cable: OWENSASSOC 


_ WE OFFER A FULL RANGE OF EXPERT CONSULTING SERVICES 


JOHN D. OWENS 
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least in principle} of a systematic 
method for generating candidale 
solutions, as well as a systematic 
method for testing acceptability. Аз 
regards genuinely interesting prob- 
lems, the number of candidate solu- 
tions is usually sa great that an ex- 
haustive search іс infeasible. Any 
device that significantly reduces the 
amount of search required (prefera- 
bly without compromising the quali- 
ty of the solution) is called а heuristic, 
and a search strategy guided Бу 
heuristics is called heuristic search. 

Since the study of heuristic search 
was one of the earliest activities in А], 
it is natural that DENDRAL—one of 
the first knawledge-based 5у5- 
tems—was concerned with using 
knowledge to limit search (see 
reference 14). Begun in 1965 by 
Feigenbaum, Lederberg, and their 
colleagues at Stanford University, 
DENDRAL generates plausible struc- 
tural representations of organic 
molecules from mass-spectrogram 
data, nuclear-magnetic-resonance 
data, and additional constraints pro- 
vided by the user, The program runs 
in a plan-generate-test sequence: (1) 
deriving necessary constraints on the 
molecular structure, (2) systematical- 
ly generating structures that satisfy 
those constraints, and (3) testing the 
proposed structures by predicting the 
mass spectrogram and rejecting those 
that disagree with the experimental 
results, The knowledge needed for 
step 2 is encoded as an ingenious 
special procedure, The knowledge 
needed for steps 1 and 3 is encoded as 
tables of production rules, 2 method 
compatible with the way chemists 
think about the rules of mass spec- 
trometry (see reference 5). 

For the molecular families covered 
by these empirical rules, the program 
is said to surpass even expert chemists 
in speed and accuracy. The resulls 
obtained with it have been published 
in many papers in chemistry journals 
(see reference 13). 


Problem Solving and Planning 
An important class of logical prob- 
lems concerns dividing a problem in- 
to a set of simpler subproblems. To 
be useful, a solution must be con- 


structive; it usually consists of a se- 
quence of actions that will achieve 
some goal. Examples of such prob- 
lems are theorem proving, program 
synthesis, and robot planning. 

EL is a knowledge-based system for 
the steady-state analysis of resistor- 
diode-transistor circuits (see reference 
28). It uses production rules to repre- 
sent general principles, such as Kirch- 
hoff's laws and Ohm's law, as well as 
the characteristics of types of devices, 
Facts about the circuit being analyzed 
are represented as assertions in an 
associative data base, The rule inter- 
preter is written in a special language 
called ARS  (antecedent-reasoning 
system), Ás its name implies, ARS 
supports the use of rules in the ante- 
cedent mode, in which the factual 
assertions trigger the rules, The ac- 
tions of the rules create new asser- 
tions, which in turn trigger additional 
rules, 

Ал important property of ARS is 
the ability to make conjectures when 
no additional direct deductions are 
possible, and to keep track of those 
conjectures and any conclusions 
dependent upon them should subse- 
quently detected contradictions re- 
quire their revision, This ability 
allows the analysis of a circuit to pro- 
ceed when the conducting or noncon- 
ducting states of its nonlinear devices 
are unclear. It also permits the user to 
modify the circuit and see the effects 
of changes without having to re- 
analyze the entire circuit. ARS can 
employ the same facilities to provide 
explanations of its reasoning. 


Computer-Aided Instruction 
Three types of traditional CAI 
(computer-aided instruction) are 
often distinguished; frame-oriented 
drill-and-practice programs (which 
are unrelated ta what AI people call 
frame-based representations); games 
and simulations (usually used to 
teach diagnosis), and exploratory 
systems that allow the student to ex- 
periment freely and learn by doing. 
Among the limitations of these pro- 
grams are their inability to conduct 
dialogues with the student in natural 
language, to respond to unanticipated 
responses, to diagnose the student's 


errors, or to improve with ex- 
perience, The potential applicability 
of artificial-intelligence techniques to 
solving these problems was outlined 
by Carbonell ten years ago (see 
reference 7), and a variety of ap- 
proaches have subsequently been ex- 
plored. To the extent that knowledge 
of the subject matter is required for a 
solution, knowledge-based systems 
have an obvious contribution to 
make to CAI. 

The GUIDON system developed 
by Clancey at Stanford exploits the 
MYCIN knowledge base about men- 
ingitis and bacteremia to teach both 


facts and problem-solving strategies 
(see reference 8). MYCIN's 450 
diagnostic rules were not modified, 
but were augmented by an additional 
200 rules that included methods for 
guiding the dialogue with the student, 
presenting diagnostic strategies, con- 
structing a student model, and 
responding to the student's initiative, 
By replacing MYCIN's rules by a 
separate set of MYCIN-style rules 
used in the PUFF program for 
diagnosing pulmonary disease, 
Clancey was able to use GUIDON to 
tutor students about pulmonary- 
function analysis. Thus, GUIDON 
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| SD SYSTEMS 

280 STARTER KIT: single board compu- 
ter with RAM / ROM, 170, ран Кеу- 
bd, klugearea , .. | $360 
VFI: double density кару confide? kit, 
with software .. |, $390 
CPU 280А, 4 Mhz, келші к емеш Где 
ІК on-board RAM, Zao CTC.. ,..,5345 
EXPANDORAM Il including high quality 
41185 ven . $540 
Complete SD line available intluding kits 
and FACTORY Assembled and lested 
boards & systems at discount prices 


TELETYPE 
Mode] 4320 AAA or AAK 
Model 43ASR, В level, 1" tape , 62,595. 


dBASE II Ashton-Tate..... . 5615, 
Brings power of maintrame database 
soltware to а microcomputer, Runs under 
CP/M! Extremely easy 1n nse. Manual 
and demo software . . TIT 
Money Back Guarantee 


MUSYS Single BD Computer 
Z80 processor, 64K Dyn RAM, Console 
serial port, S-100 parallel interface, 
Bootstrap PROM (.,.. ... 81309. 


HAZELTINE 1500 
1510 
АЗА) PM 
220 volt тобын, add $100 
EXEC BO 
90 day on-site warrantee. 


ІВМ 3101 CRT Model 10 81,250, 

Model20 .. $1,450. 

Selectric-like, detached keyboard, 9x16 

dot matrix, Maintenance contract from 
ІВМ only $70 per ука! 


ITHACA INTERSYSTEMS 


Inventary sale on board sets & systems 


MARINCHIP SYSTEMS M9900 
Uses TI9900 14 bit СРО. Full 5-100, IEEE. 
Extensive software, Boards (rom 5550, 
systems $4,995, 
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Prices subject to change without notice 


| TEXAS INSTRUMENTS Printers 
22 10% off list price on entire TI printer line. 
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EPSON MX8O.. . 


RS 232 Interface |. ,....... 


CORVUS Hard Drives 
Model 11, Hard Disk System ... .34,620. 
Mirror Backup System .. 9 715. 


DMA-DOS NORTH STAR 8" Floppy 

Subsystem 
A new operating sytem, completely 
CP/M* compatible that allows use of 
both 8" (Shugart single sided, double 
density via Tarbell controller) and 54" 
drives, Allows transfer of File from 8" to 
5%" and vice versa. Complete hardware, 
with software package .1 51,955. 


TARBELL 
Doubie density ponen ” 
ZB80 СПИ. 


TE! MAINFRAMES, 5--100 
We аге proud to announce that we аге 
now a TE] stocking distributor. For the 
best in mainframes. .. ТЕ!!! 


TELEVIDEO CRTs 
912. .$780. 920, 5850. 950.,51,050. 


COMMUNICATIONS SOFTWARE 
from Hawkeye С 
Enables communcations from a mucro (o a 
terminal or io another micro, mini or 
maxi computer. 
Object Code 575. Source Code $250. 


3M SCOTCH? Diskettes 
5 box minimum, price per box 
Model 740, 8” single sided, 
single density... . 
Model 741, 8" single sided, 
double density... 
Model 743, 8" double sided, 
double density, . 
Model 744-0, 5' soft sectared, singlesided 
744-10, 574", hard sectored, 
single sided. . ., ., ., 
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каце ® 


MICROPROCESSOR APPLICATIONS 
MANUAL. By Motorola Semicon- 
ductor Products, inc. 720 pp.. il 
lus, 8% к 11 format. With nuts- 
and-bolts practicality, this manual 
by the Motorola peopie (who should 
know) gives you detailed applica- 
tions information on micro- 
processors, Assumes no prior 
knowledge on your part about 
MPUs. 

435/2788 е $42.50 
(Counts as 2 of your 3 books] 


PROGRAMMING LANGUAGES. By 
Alien B. Tucker, Jt. 439 pp.. Ни. 
Gives you nat oniy the principles of 
design but the applications of ых 
major programming languages. 
Shaws you ther strengths and 
weaknesses in solving various a 
resentative "benchmark" prob- 


lems. 
65471588 Г $25.95 
iCounts as 2 of your 3 books) 


docu fm^ 


Lok CLIP 


0 with McGraw-Hill's 


TAKE ANY 3 BOOKS 


FOR ONLY 5100 EACH 
when you join the 


COMPUTER PROFESSIONALS’ 
B (values up to 575,00): 


ШЕ „ —— 


BOOK CLU 


CALCE d 


COMPUTER CAPACITY. By Melvin J. 
Strauss. 288 рр.. tables and 
charts. The key purpose of the book 
(5 to provide both senior manage- 
ment and DP practitioners with a 
methodology for identifying and 
quantifying issues of capacity and 
demand within the data center 
without becoming entrapped by 
language problems 

582317-9 $24.95 


ENCYCLOPEDIA ОҒ COMPUTER SCIENCE. Edited 
by Anthony Ralston and С. L, Meek. 1,500 pp. 60 
illus., 100 charts, 7 x 10 format. This first and only 
in-depth coverage of the entire field of computer 
science in a single volume is comprehensive and 


completely up to date. 
769/01X A 


$60.00 


(counts as 5 of your 3 books! 


SOFTWARE DEBUCGING FOR Mi- 
CROCOMPUTERS. By Robert C. 
Bruce. 351 pp. Hus. Takes you 
through the fundamental methods 
for finding errars, glitches, and 
faults in programs ... goes оп to 
techniques tor tracking down and 
exterminating program bugs 
then combines these techniques 
into a complete debugging plan. 
582075-7 $18.95 


DATA STRUCTURES USING PAS- 
CAL. By Aaron M. Tenenbaum and 
Moshe J. Augenstein. 544 pp., il- 
lus, With its emphasis on struc- 
turad design and programmin 
techniques, this definitive wor 
takes you on a trailblazing journey 
through Pascal. Separate chapters 
are deyoted tothe stack, recursion, 
queues and lists, Pascal list pro- 
cessing, trees, graphs and their 
applications. 

582230-X $23.95 


SYNTAX OF PROGRAMMING LAN- 
GUAGES: Theory and Practice. 
By Roland C. Backhouse. 301 рр., 
"lus. Follow author Backhouse as 
he takes you, on a close esamina- 
tian of context-free grammars ... 
and then hands you the tools to 
ehminate misconceptions and er- 
rors that often arise with the rapid 
growth of programming languages. 


562064-1В $25.95 
iCaunts as 2 of your 5 books) 


THE BYTE BOOK ОҒ PASCAL. 
Edited by Blaise W Liffich. 340 
pp, iius. Up-to-date Byte articles 
on the subject — from a general in- 
troduction to system hardware — 
from top experts in the held. In- 
cludes two versions ol a Pascal 
computer, one written іп BASIC 
and the other in HORD assembly 
language 
789/8738 $25.00 
iCounts as 2 of your 3 Бооке! 


MICROPROCESSORS / MICROCOM- 
PUTERS/SYSTEM DESIGN. Ву 
Texas Instruments Learning Center 
and the Engineering Staff af Texas 
Instruments, Inc. 634 pp.. illus. 
outsized 71а x 1014 format. The 
book takes you through the devel- 
— of memory-to-memary аг- 
chitecture, shows you the сотро- 
nents, and details programming 
methods and techniques. 


637/58Х 


MINICOMPUTER SYSTEMS: Or- 
porcum Programming, and 

pplications. By Richard H. Eck- 
house, Jr. and №, Robert Marris. 
end Ға, 491 рр, lus. Updated, 
revised, and expanded, this is a 
book for every systems program. 
mer, systems designer, computer 
scientist, and application special- 
ist who wants to know more 
about microcomputer hardware, 
software, and design. 
787/026 


$24.50 


$21.35 


AUTOMATIC DATA PROCESSING 
HANDBOOK. Edited by The Diebold 
Group. 976 pp.. 269 ilius. Written 
by > staff of internationally recog- 
mzed authorities on ADP, this com- 
prehensive handbook explains sys- 
tems, programming and the lan- 
guages, communications pro- 
cesses, and the design and instal- 
lation of today’s computers. 
1688/0751 

iCaunts as 2 of your 3 Dooks) 


$44.95 


THE CIANT HANDBOOK OF COM- 
PUTER PROJECTS. By the Editors 
of 73 Magazine. 504 pp.. 217 iius. 
Solid, simple, and above all fun! 
This outsized book shows you how 
to build camputer equipment from 
scratch —computer games, a 
bionic clock, a camputer-can- 
trolled thermometer, and much 
тоге. 


582012-8 $15.95 


m 


THE DEVIL'S DP DICTIONARY. By 
Stan Kelley-Bootle. 160 рр., 
softbound. This devilishty clever lit- 
tte book is guaranteed to fill anyone 
who has ever slaved over a hot ter- 
minal wilh savage delight. Some 
500 computer words and terms are 
misdefined, trom abacus to your рге» 
gram. 


340/226 $7.50 


MICROCOMPUTER INTERFACINC. 
By Bruce Artwick. 352 pp.. 117 il- 
lus, |n this up-to-date, complete 
design guide you'll lind the de- 
tailed descriptions and explaná- 
lions necessary to enable you to 
select, build, and interface micro- 
camputer systems to virtually all 
applications. Advanced interface 
devices and methods are thor. 
oughly examined and illustrated. 


789/436 $24.95 


ELECTRONIC GAMES: Design, 
Programming, and Traou- 
bieshooting. By W Н 
Buchsbaum and R. Maure. 335 
рр.. 338 illus, Information you 
need to design, program, and trou- 
bleshoot electronic games is right 
here in this widely popular hands- 


XPERIENCE! 


PROGRAMMING AND ІМТЕНҒАС- 
ING THE 6502 — With Experi- 
ments. Еу Marvin L. De Jong. 412 
pp. heavily illus., softbound. This 
guide not only teaches you all you 
must know about кетир апа 
interfacing the 6502, but it also 
carries you to a high level of under- 
standing and proficiency quickly 
and paintessly, 

582080-3 $15.95 


PRINCIPLES OF INTERACTIVE 
COMPUTER GRAPHICS, By William 
M. Newman and Robert Sproull 
2nd Ed,, 544 pp. illus. Now in a 
revised, updated second edition, 
this volume has long been THE 
standard source of information for 
designers! 

453/3878 526.85 
(Counts as 2 of your 3 books! 


PERSONAL COMPUTING: Hard- 
ware and Software Baslcs. Elec- 
tronics Book Series. 224 pp., 175 
illus, BVa x 11 format. Gives m 
comprehensive guidance to the 
present state of the art in personal 
computers —an overall survey of 
the technalogy and methods avail- 
able to perform various tasks, facts 
about the work others аға doing — 
and just how they are doing it. 


5502 SOFTWARE DESIGN. By Len J. 


І 


| 


Scanlon. 269рр., i/lus., sotbound. 
This book describes the instruc- 
tions that the 5502 integrated cir- 
cuit can actually execute ,.. digs 
through into subroutines .. . and 
presents the techniques needed to 
process structured data 


582138-8 $10.50 


BIT-SLICE MICROPROCESSOR DE- 
SIGN. By John Mick and Jim Brich. 
398 рр. All in one place—the cru- 
cial information узч ve been need- 
ing about the 2900 family of bit- 
slice microprocessor components, 
This remarkable "first" designs 
right before your eyes mot just one 
but two complete 16-bit machines! 
417/814 $18.50 


Be sure to 
consider these 
important 


titles as well! 


INFORMATION RETRIEVAL SYS- 
TEMS: Characteristics, Testing 
and Evaluation, 2/2. By У Lan- 


caster 

582000-5 522.95 
DATA BASE DESIGN. Ву С. 
Wiederhold 

701/3018 525.95 
iCounts as 2 of your 3 books) 


PRINTED CIRCUITS HANDEDOK. Ву 
C.F, Coombs, Jr 2nd Ed 
1268/0898 $26.50 


іСоип?5 as 2 of your 3 books) 


STRUCTURED PROCRAMMING: 
Theory and Practice. By В.С. 
Linger, НО, Mills, & В.1. wat 
788/537 $20.85 
HOW TO DESIGN, BUILD & PRO- 
CRAM YOUR OWN WORKING COM- 
PUTER SYSTEM. By R.F. Haviland 
788/987 $14.95 


COMPILER DESIGN AND CON- 
STRUCTION. By А. Pyster 
582026-9 $24.50 


THE Z-80 MICROCOMPUTER 
HANDBOOK. By W Barden, dr. 
784/914 $8. 


COMPUTER PERIPHERALS FOR 
MINICOMPUTERS, MICROPRO- 
CESORS AND PERSONAL COMPUT- 


ERS. By L.C, Hohenslein 
294/518 $19.50 


16-17 MICROPROCESSOR AR- 
CHITECTURE. By T Dotihoft 
532003-X $24 95 


ELECTRONICS DICTIONARY, а/а. Ву 
J. Markus 

404/3138 $29.95 
(Counts as 2 of your 3 Боск) 


* If you join now for a trial period and agree ta purchase 
four more books— at handsome discounts — over the next 


two years, 


(Publishers' prices shown) 
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===» MAIL THIS COUPON TODAY == === 


McGraw-Hill Book Clubs 


Computer Professionals' Book Club 


on guide. 

087/210 $24.50 Р.О. Box 582, Hightstown, Naw fersey 08520 

Please enroll me as à member and send me eilher the ENCYCLOPE- 
DIA OF COMPUTER SCIENCE, ү me only 53,00, or any three 
ather books. billing me only 51,00 each, plus local (ах, postage, and 
handling. If not satisfied, Í may return the books within 10 days and 
my membership wil) be canceled. 1 agree to purchase a minimum of 
four additional Қозы during the next two years as autlined under the 
Club plan described in this ad, Membership in the Club is cancelable 


by me any time after the four-boak purchase requirement has been 


ШІН а. 
Check hers if you prefer Ілгев other volumes, and indicata 
below by number the books you want. 
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Why YOU should join now! 


е BEST BOOKS IN YOUR FIELD — Books are selected from a 
wide range of publishers by expert editors and consultants to 
give you continuing access to the latesi books in your field. 

а BIG SAVINGS — Build your library and save money toa! We 
guarantee savings of at least 15% off publishers' list prices on 
every book. Usually 2096, 2596, or even higher! 


Check here if you want ENCYCLOPEDIA OF COMPUTER 
SCIENCE |788/01Х). 


е BONUS BOOKS — You will immediately begin to par- 
ticipate in our Bonus Book Plan that allows you savings 
күра 70-80% off the publisher's priae of many 

оска. 


ә CONVENIENCE — 14 limes а year you receive the Club Bul- 
letin FREE, Fully describing the Main Selection and alternate 
selections, together with a dated reply card. Н you want Ihe 
Main Selection, you simply do nothing —it will be shipped 
automatically. lf you want an alternate selection — or no book at 
all — you simply indicate it on the regular reply сага and return 
it by the date specified. You will have at least 10 days іо decide. 
ll because of late mail delivery of the Bulletin you should 
receive a book you do not want, jus! return it at the Club's 
expense. 


Аза Club member, you agree only ta the purchase of four 
more books over a two-year period 


more than ane choice. 


Asse o eee Lc 


Orders from outside the U.S. must be prepaid with international 
money orders in LLS. dallars. 


Мате 
Address/ Apl 


City/State/Zip 


Corporata Affiliation 


This order subject to acceptance by McGraw-Hill. Ali prices subject! 
to change wilhoul notice. Offer good only to new members. A postage 
and handling charge is added to all shipments. P38521 
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has shown that а knowledge-based 


system can be exploited for teaching 
about its knowledge base. 


Knowledge Acquisition 

Ав an alternative between the ex- 
tremes of complete handcrafting of 
the knowledge base and completely 
automated learning, researchers have 
investigated the development of 
various tools that can facilitate the 
process of acquiring knowledge. The 
most ambitious of these is Davis’ 
TEIRESIAS system that employs 
knowledge about the MYCIN system 
to supervise interaction with an ex- 
pert in building or augmenting a 
MYCIN rule set (see reference 9). 

Giving the expert direct access to 
the program is an appropriate 
ultimate goal, But the expert usually 
lacks sufficient understanding of the 
program's representational mecha- 
nisms to appreciate the consequences 
of the many choices the program of- 
fers, An alternative to direct access is 
to use a computer scientist who 
understands the program's mecha- 


ORD 


nisms and provide specific tools 
matched to the knowledge- 
acquisition process. 

KAS, the knowledge-acquisition 
system developed by Reboh for 
PROSPECTOR, is an example of 
such a system (see reference 26). 
PROSPECTOR employs various 
kinds of networks to represent 
knowledge—rule networks for ex- 
pressing judgmental knowledge, 
semantic networks for expressing the 
meaning of the propositions 
employed in the rules, and taxonomic 
networks for representing static 
knowledge about the relations among 
terms in the domain. The core of KAS 
is a network editor, The editor's basic 
operations allow it to create, modify, 
or delete various kinds of nodes and 
arcs. The network editor knows 
about the various mechanisms 
employed by PROSPECTOR, pro- 
tects the user against certain kinds of 
syntactic errors, and includes a 
system that keeps track of partial 
constructs that remain to be com- 
pleted. At any time, the user can turn 
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• Automatic rhyme finder 
Crossword puzzle solver 
Correct spelling finder 
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Word frequency analyzer 
Dictionary builder 

AVAILABLE FOR: 

• 8" Single Density CP/M'™ 

— soon — 

* 514" North Star'" 

. 514" Superbrain'™ 

+ Apple" | Softcard'™ CPIM 


(714) 291-9489 
2765 Reynard Way, San Diego, СА 92103 


control over to KAS, and KAS will 
systematically question the user to fill 
in the missing parts of the structures. 
A semantic network matcher gives 
the user a limited ability to edit by 
content rather than by form, Since 
KAS is embedded in PROSPECTOR, 
it lets the user determine the effects of 
changes by permitting controlled ex- 
ecution of the program. Although 
specialized to PROSPECTOR, KAS 
gives powerful assistance in the time- 
consuming task of developing the 
knowledge base. 


System Building 

Many knowledge-based systems 
that have been built—especially in 
the area of diagnosis—have generally 
similar structures. In particular, all 
rule-based systems have a rule inter- 
preter, a collection of rules making up 
the knowledge base, and a global 
data base of assertions about the par- 
ticular case being diagnosed. Several 
researchers have illustrated the 
generality of their systems by show- 
ing that they can be applied to 
another domain merely by removing 
the rules for a given domain and 
substituting rules for the new one (see 
references 17 and 30), 

Every domain, however, has its 
own peculiarities, Despite the good 
intentions of system builders, these 
peculiarities inevitably influence the 
design of a system. As a result, a 
serious attempt to build a new 
knowledge-based system almost 
always requires changes in all parts of 
the system. Recognizing these facts, 
researchers have recently begun 
developing what amount to program- 
ming languages for building expert 
systems. While these languages are 
just corning into use and are certain to 
undergo further development, they 
promise to reduce significantly the 
programming effort needed to 
develop a new system. 

AGE is a good example of the most 
recent efforts in this direction (see 
reference 23). Specifically designed to 
allow the implementation of a broad 
spectrum of knowledge-based 
systems, AGE gives the designer a set 
of separate, interconnectable, 
preprogrammed modules for im- 
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Figure 3: Diagram showing some of the constructs used in the PROSPECTOR inference networks. In figure 3a, boxes represent asser- 
tions. Each assertion's symbolic name is at the upper-left corner of the box and text describing the assertion is inside the box, Most 
assertions have prior probability values shown at the upper-right corner of the box. Evidence сап be combined by logical connectives 
such as AND, OR, and NOT, represented by circles inside boxes; by plausible inference rules, indicated by two rule-strength values, 
L5 and LN (L5 indicates how sufficient the evidence is for establishing the hypothesis, if the evidence is present; LN indicates how 
necessary the evidence is for the hypothesis), and by variable likelihood ratios [L(x)], defined in figure ЗЬ, Dashed arrows indicate 
contextual constraints, which can "tum on or off” one question or a whole section of the network (at the tail of the arrow), depending 
оп the answer to another question (at the head of the arrow), Figure 3b shows a plot defining a likelihood ratio L(x) for a numerical 
answer x to a question from PROSPECTOR. The likelihood ratio depends on the numerical value provided by the user. 


plementing the knowledge base, the 
interpreter, and the data base. It also 
provides ways to escape to the host 
programming language to implement 
arbitrary procedures. The knowledge 
base can be represented either as sets 
of production rules or as frame 
systems (called units), or the two 
representations can be combined, For 
the interpreter, AGE supplies stan- 
dard procedures Юг forward-chaining 
and backward-chaining, plus conve- 
nient ways to implement other 
strategies, The standard global data 
base is a so-called blackboard system 
(see reference 19). AGE also contains 
knowledge about its own facilities 
and procedures, and a tutor sub- 
system that lets the user browse in 
this on-line manual. А design sub- 
system provides on-line advice on the 


use of AGE itself. 


The design of any programming 
language always involves a com- 
promise among convenience, 
generality, and efficiency (in time or 
space). Clearly, systems like AGE, 
ROSIE, HEARSAY III, and RLL, are 
attempts to gain convenience, 
generality, and design-time efficiency 
for relatively modest additional cost 
in space and run-time efficiency. 
While there is not yet enough ex- 
perience with such systems to assess 
their value, we expect them to play a 
significant role іп future 
developments, 


PROSPECTOR: Sample System 
Supported by the US Geological 
Survey and the National Science 
Foundation, we developed the PROS- 
PECTOR system for mineral explora- 


tion (see reference 11). PROSPEC- 
TOR contains rule-based models of 
different kinds of ore deposits. We 
developed each model by interview- 
ing a geologist who is an authority on 
a particular class of deposits, and 
then translating the geologist's 
knowledge of the associations be- 
tween field-observable evidence and 
relevant geological hypotheses into a 
structured collection of rules. PROS- 
PECTOR models can perform these 
tasks: (1) evaluate the favorableness 
of a geologic district for a kind of ore, 
(2) evaluate the favorableness of a 
particular exploration site within a 
district, and (3) evaluate the 
favorableness of different drilling 
sites on an exploration site. In addi- 
tion, PROSPECTOR can suggest 
which data are most valuable for fur- 
ther exploration, give the rationale 
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for conclusions reached, and provide 
informal education about each class 
of deposits. 

PROSPECTOR uses a combination 
of artificial-intelligence techniques to 
perform these tasks. MYCIN-like 
rules link evidence to hypotheses, and 
offer the advantages of modularity 
and explicability. А mixed-initiative 
control strategy enables the user 
either to let the system use a 
backward-chaining strategy to gather 
information, or to interrupt the pro- 
gram to select different goals or to 
volunteer relevant information. 

PROSPECTOR accommodates 
uncertainty in both evidence and 
rules. When PROSPECTOR asks yes- 
or-no questions, the user must in- 
dicate certainty about the answer on 
a scale from —5 to +5, where —5isa 
certain по, 0 means don't know, and 
+5 іѕ a certain yes. When PROSPEC- 
TOR asks for numerical input—for 
example, the geological age of a 
rock—PROSPECTOR also asks for 
the user's confidence in the answer. 

Figure 3a illustrates the basic form 
of a PROSPECTOR inference net- 
work. Each box stands for an asser- 
tion and has a previously assigned 


probability value. There are a variety 
of ways to combine evidence. These 
include logical operators such as 
AND, OR, and NOT, represented by 
circles, and plausibie-inference rules, 
indicated by the likelihood ratios 
(rule-strength values) LS and LN. LS 
indicates how sufficient the evidence 
is for establishing the hypothesis if 
the evidence is present, LN indicates 
how necessary the evidence is for the 
hypothesis; that is, the degree to 
which the absence of this evidence 
will rule out the hypothesis. Both 
these likelihood ratios are multipliers. 
Thus, any value less than 1 decreases 
the likelihood of sufficiency ог 
necessity; any value greater than 1 in- 
creases the likelihood, 

For questions that request 
numerical input rather than yes-or-no 
answers, PROSPECTOR uses a plot 
like that shown in figure 3b to com- 
pute a likelihood ratio. The chart in- 
dicates the significance of ranges in 
the answer: x is the requested 
numerical quantity and L(x) is the 
likelihood ratio, 

PROSPECTOR also uses contex- 
tual constraints, shown in figure 3a as 
dashed arrows, These work Бу telling 


The following questlons are intended to establish the nature of Ihe petrotectonic setting. 
(These questions will not be pursued unless a posilive snswer is given to the пех! question.) 


12 — To what degrea do you believe that the target area is In a continental-margin mobile 


bali? 4 


13 — Do you know the age of the continenial-margin mobile belt? WHY 


The vast majority of porphyry copper deposits are younger than 200 тол years. Major age 


groups include: 


1. Ап older group of 200 to 150 m.y, (million year) рогрһугівв in British Columbia; 


2. An important younger group of 70 to БО m.y. deposits in ihe Mideast, British Col- 
umbia (Ѕкевпа Arch), and Arizona-New Mexloo-Sonora (Laramide) copper pro- 


vince: 


3. The major balt of 80 ta 4 m.y. deposits in the Andes of Argentina, Chile, Paru, 


Ecuador, and Colombia. 


<The explanation continues with additional information> 


13 — Do you know the age of the continental-margin mobile ball? YES 
14 — Whal is ihe age of the continantal-margin moblia belt? CRETACEOUS = 65 - 138 


MILLION-YEARS 
What ls your contidance іп this estimate? 3 


<The consultation continues on with many additional questions. > 


Figure 4: An excerpt from a consultation with PROSPECTOR, which has chosen an 
initial hypothesis to investigate and is now asking the user for additional relevant infor- 
mation. The numerical answer to question 12 indicates the user's degree of certainty 
about a fact, using а —5 to +5 scale. If the user types "WHY" instead of answering a 
question, PROSPECTOR explains the question's geological significance. 
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PROSPECTOR, in effect, "Don't 
even consider hypothesis A unless the 
likelihood of hypothesis B falls within 
such and such a range.” The range is 
called the context interval. It is de- 
fined by two numbers on the —5 to 
+5 scale described earlier. The con- 
text interval (2,5), for example, in- 
dicates that PROSPECTOR shouldn't 
consider hypothesis A unless con- 
fidence in the truth of B is somewhere 
between lukewarm (+2) and ab- 
solutely certain (+5). The default 
context interval, in effect when no in- 
terval is shown, is (0,5). 

Figure 4 shows an excerpt from a 
consultation with PROSPECTOR, 
Before the excerpt, the user 
volunteered observations about rocks 
and minerals at the prospective site. 
PROSPECTOR chose ап initial 
hypothesis for investigation (that a 
certain type of copper deposit is pres- 
ent). At the start of the excerpt, 
PROSPECTOR is asking the user а 
series of questions to get additional 
information. In response to question 
12, the user types "4" to indicate a 
relatively strong degree of certainty 
about the answer. 

PROSPECTOR can accept a vari- 
ety of answers to questions. For ex- 
ample, in answer to question 14, the 
user provides the term "cretaceous" 
to indicate a numerical range of 
values. When the user types "WHY" 
instead of answering question 13, 
PROSPECTOR prints an explanation 
of the question's geological 
significance, By typing "WHY" 
repeatedly, the user can learn more 
about the expertise captured in the 
model. After the explanation, PROS- 
PECTOR repeats question 13 and the 
consultation goes on. 

In response to any question, the 
user has options to seek clarification, 
change the course of the questioning, 
trace the implications of answers 
given, and so on. The consultation 
continues until PROSPECTOR has 
confirmed or rejected the hypothesis 
under consideration, PROSPECTOR 
then explains the basis of its conclu- 
sions in terms of the rules used, 

Tests have shown that evaluations 
made by PROSPECTOR closely 
match those made by the geologists 
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who created the models; the 
numerical scores typically agree to 
within about seven percent on the 
average (see reference 15). 


Appropriate Tasks 

While the systems we have de- 
scribed perform a wide variety of 
tasks, knowledge-based expert 
systems are more successful in han- 
dling some tasks than others. In 
general, the £ollowing are prerequi- 
sites For the success of a knowledge- 
based expert system: 


ethere must be at least one human 
expert acknowledged to perform the 
task well 

ethe primary source of the expert's 
exceptional performance must be 
special knowledge, judgment, and ex- 
perience 

ethe expert must be able to explain 
the special knowledge and experience 
and the methods used to apply them 
to particular problems 


ethe task must have a well-bounded 
domain of application 


Many scientific and technical tasks 
meet these conditions, especially 
where there is a tradition of consulta- 
tion. Certain kinds of tasks are not 
good subjects for knowledge-based 
expert systems. For example, 
although a mathematician possesses 
specialized knowledge, the additional 
knowledge needed to function in that 
role is far more extensive than current 
knowledge-based expert systems can 
handle. On the other hand, where 
there are well-defined mathematical 
procedures for solving a problem, 
knowledge-based expert systems are 
unnecessary. For most perceptual 
problems, experts are unusual, rele- 
vant knowledge is extensive but dif- 
ficult to pinpoint, and general 
understanding of the perceptual pro- 
cess is limited. And many tasks are 
still waiting for the first expert to ap- 
pear. Ап example is earthquake 
prediction. There are now no 


Photo 1: The aren where PROSPECTOR predicts a malybdenum deposit, Given exten- 
sive data about the surface, PROSPECTOR used its rules to score areas of favorableness 
for molybdenum ore, Ore-grade molybdenum was previously found in the bright area 
on the right. PROSPECTOR predicts more ore will be found in the undrilled bright area 
on the left. The brighter the aren, the higher its rating by PROSPECTOR. The site is in 
the Mount Tolman area of the state of Washington. 
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geologists who can predict earth- 
quakes accurately, An expert system 
for earthquake prediction should not 
be expected to fare any better than 
the human sources of its knowledge 
base. 


The Future 

We are now witnessing the first 
transition of expert programs from 
the comfortable surroundings of 
research laboratories to the more 
demanding world outside. For several 
years, the DENDRAL system has seen 
regular use by university and in- 
dustrial chemists throughout the 
country, The Digital Equipment Cor- 
poration is using one version of R1 
and is developing versions for other 
DEC systems, The PROSPECTOR 
system has been applied to several 
practical problems of the US 
Geological Survey and the US 
Department of Energy. PROSPEC- 
TOR has also made its first prediction 
about the location of a molybdenum 
deposit. Drilling is underway to see if 
there is a deposit where PROSPEC- 
TOR predicted (see photo 1). 

Donald Michie and his colleagues 
at the University of Edinburgh are 
developing an expert system similar 
to PROSPECTOR іс diagnose 
operating problems on North 5ea oil 
platforms. Schlumberger is develop- 
ing another expert system to interpret 
the waveforms obtained when in- 
struments are dropped down oil 
wells. Finally, Michie and the 
Machine Intelligence Corporation 
have independently developed the 
first simplified expert systems that 
can be run оп an Apple computer. 
The current generation of expert 
systems is being put to practical use, 
and many more systems wil] certainly 
be built. 

Researchers have identified and are 
attacking several major problems that 
limit progress in knowledge-based 
systems. One of these problems con- 
cerns software support for research in 
this field. As our micro expert-system 
illustrates, BASIC is not the right 
language for implementing expert 
systems, Pascal and even LISP are not 
completely satisfactory either. New 
languages such as ОР5-5, oriented 
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Listing 1: A rule-based, animal-identification program т BASIC, This is based on the 
DIAGNOSE program found in chapter 18 af LISP by P H Winston and B K P Horn. The 
core subroutine is VERIFY (lines 1210 through 1830), which is recursive. Since BASIC 
does not support recursion, all reentrant subroutines must explicitly save their local 
values on push-dowm stacks before transferring control. 


00010 REM А RULE-BASED IDENTIFICATION PROGRAM 

00020 REM Based on the DIAGNOSE program in Chapter 18 of the book 
00030 REM "LISP" by P. Н. Winston and B. К. P. Horn 

00040 REM 

00050 REM AS = array of asked questions 

00060 REM Al = current number of asked questions 

00070 REM А9 = maximum number of asked questions 

00080 REM FS = array for facta 

00090 REM Fl ғ current number of Facts 

00100 REM F9 = maximum maber of fecta 

00110 REM HS = array for top-level hypotheses 

00120 REM НІ = current top-level hypothesis 

00130 REM НВ = current number of top-level hypotheses 

00140 REM H9 = maximum number of top-level hypotheses 

00150 REM 0 ~= array of rula mimbers For deducing а goal hypothesis 
00160 REM (size = R9/5) 

00170 REM Q8 = current aunber of relevant rules 

00180 REM RS = array for rules 

Q0190 REM Bl = current rule index 

00200 REM R2 = currenr antecedent 

00210 REM R7 = current number of rules 

00220 REM Ва = current number of bytes used For rules 

00230 REM R9 = maximum number of bytes ín R$ 

00240 REM Е = array of pointers into R$ (size = К4/5) 

00250 REM ВІ = current rule pointer 

00260 REM $$ = stack array For strings 

00270 REM 51 = Stack pointer for S$ 

Q0280 REM 59 = size of 89 

00290 REM 5 ғ stack array for numbers 

00300 REM 52 = &tack pointer For 5 

Q0310 REM 88 = size of 5 

00320 REM 

00330 REM -------------------------------------------- 

00340 REM INITIALIZE 

00350 DIM ÀÁ$(100), 7$ (100),8$ (20),0(50), R$ (250) ,R (50),8$ (200),5(200) 
00360 A9 = 100 

00370 F9 = 100 

00380 H9 = 20 

00390 R9 - 250 

00400 58 = 200 

00410 59 = 200 

00420 51 = 0 

00430 52 = 0 

00440 PRINT "Hallo." 

00450 REM CALL LOADRULES TO [NITIALIZE А AND R$; R7 = COUNT OF RULES 
00460 GOSUR 31680 

00470 IP B7 > 0 THEN 500 

00480 PRINT "No rules." 

00490 STOP 

00500 REM CALL LOADHYPOTHESES TO INITIALIZE Н, B8 = COUNT OF HYPUTHESES 
00510 GOSUB 4100 

00520 IF НВ > 0 THEN 550 

00530 PRINT "Ho hypotheses." 

00540 STOP 

00550 PRINT "I will use my ";R7;" rules to try to eatablish опе of the" 
00560 PRINT “following "-Н8;" hypothesesn:^ 

00570 FOR НІ = I TO H8 

00580 PRINT " 5:29$;H5 (HL) 

00590 NEXT НІ 

00600 PRINT 

00610 PRINT "Please answer my questions with Y (yes), М (по), ог W (why)." 
00620 PRINT 

00630 REM 

00640 REM ТИЕ MAIN LOOP — DIAGNOSE 

00650 REM 

00660 Al = 0 

00670 Fl = 0 

00680 FOR НІ = 1 TO H8 

00690 REM SETUP ARGUMENTS AND GOTO VERIFY TO ESTABLISH THE TRUTH OF ҒІ% 


00700 F1$ = H$4H1) 
00710Y = 1 
00720 GOTO 1200 


Listing 1 continued on page 266 
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toward production development, and 
new expert-system-building systems 
such as AGE, HEARSAY III, and RLL 
are the first of a new generation of 
software tools that will simplify 
system development, 

On a more fundamental level, 
something must be done to shorten 
the time needed to interview experts 
and represent their special knowledge 
in the form of rules. This is often 
called the knowledge-acquisition 
problem. Despite several concen- 
trated efforts, it remains a bottleneck. 
The development of a model contain- 
ing a few hundred rules may now 
take several months of the expert's 
time and even more of the system 
builder's. Past efforts to speed 
knowledge acquisition have been 
along three lines: (1) to develop smart 
editors that assist in entering and 
modifying rules, (2) to develop an in- 
telligent interface that can interview 
the expert and formulate the rules, 
and (3) to develop a learning system 
that can induce rules from examples, 
or by reading textbooks and papers. 

Somewhat ironically, to do 
anything ambitious along these lines 
seems to require fundamental ad- 
vances in our understanding of two 
core AI topics—the representation of 
knowledge and the use of knowledge! 
Тһе problem is that although in- 
ference networks of rules do much to 
codify the reasoning process that an 
expert uses in solving a problem, 
there's still much that goes on inside 
an expert's head that doesn't appear 
in the networks, Basically, a 
knowledge-based system provides a 
flexible yet precise language that an 
expert can use to describe the chains 
of reasoning. We need to develop 
more expressive languages that allow 
the expert to articulate more of the 
nuances and details of thought pro- 
cesses. One of the problems is that it 
is difficult For experts to describe ex- 
асПу how they do what they do, 
especially with respect to their use of 
judgment, experience, and intuition. 
We are optimistic that such advances 
will be made, but will resist the temp- 
tation to make more specific guesses, 

The knowledge-acquisition issue 
touches on an important side effect of 


Quick, name the only working 


574” Harel Disk Controller Cards 


you can order off-the-shelf! 


The 5*4" Hard Disk Controiler 
Packages from ACT. 


NOW YOU can pick up your phone 
and order the only working digital 
data separator based 5'4" controller 
cards for your Zenith/Heath, TRS-80, 
5-100, and Superbraln micro- 
computer systems. 

And software too! Every disk 
controller package cornes complete 
with CP/M 2,2 and all of the software 
required to install the hard disk on 
your system, And best of all, we 
include full source of every file 
suppiled which was written by ACT. 
Packages for H89, TRS-80, and 
Superbrain аге preconfigured for 
those systems. Just install the 
hardware and boot the system. 

But beware, these controller 
packages are proving themselves to 
major U.S, and European OEM 
manufacturers as very efficient little 
Jewels. Once you ptug-in our 5*4" hard 
disk and controller cards, you may 
not recognize your computer. . . 

5,000,000 super-fast bytes will 
transform your microcomputer into 
а high-throughput workhouse, Faster 
turn-around and greater-efficlency 
аге so obvious that it'll leave you 
wondering how you put up with the 
slower, less reliable 574" or 8" 
Норріев. 

The fact that our patent pending 
HOP Digital Data Separator gives our 
controller packages maintenance- 
free reliability эпола convince even 
the dyed-in-the-wool 5*4" or В” 
floppy disk fanatics. 


61,2 


(single quantity) for the complete ACT 51a" Hard 


5%" hard disks are the way of the 
future and ACT has an affordable, 
efficient 5%" hard disk package you 
can order off-the-shelF. Just pick up 
your phone and call us. 


High-performance meets low cost. 


in terms of byte-per-dollar cost, 
Бу" Winchester types are up to five 
times more affordable than 5*4" 
floppies. In terms of reliability, 
efficiency and sheer speed, the 5*4" 
hard disks blow everything else right 
out of the water. 


мил 


ACT manufactures quallty 
controller card packages with IOW- 
cost and high-performance in mind. 
Even the first ACT HOP controller 
card package we delivered to 
Western Europe is stil! running like a 


Disk Controler Card Package. Hard Disks, CRT 
Terminals, etc. are priced extra, Substantial СЕМ 
and dealer discounts аге available. 
JjTRS-8O ік a trademark cf RADIO SHACK, в diviginn of Tandy Corporation 
SUFERBRAIM ік а trademark n? ТАТЕАТЕС DATA SYSTEMS 


dream, So are our other deliveries. 


Cirole 18 on inquiry card. 


50 if you're looking for the way 
to affordably upgrade your own 
microcomputer system, or your 
whole company's microcomputer 
system, call the company that 
v: uced high-performance to icw- 
Cost. 


Plug-it-in; turn-It-on. 


You can order our products in 
any configuration you desire. Order 
just the HOP Digital Data Separator, 
or just the controller card package. 


Or, you can order fully assembled CRT 
terminals with an integrated 5*4" 
Winchester Hard Disk and controller 
card package. Should you want a 51⁄4" 


floppy back-up, you can 
>| | 


order our dual 5*4" hard 


disk and floppy 
combination. 
f) E 

Whatever you order, remember 
that our units feature simple, 
standard plug-in compatibillty with 
your Zenith/ Heath, TRS-B0;* 5-100 or 
Superbrain® micro-computers. Just 
Diug-it-in and turr-lt-on. 

Call ACT today for your 514" hard 
disk needs; we belleve our products 
wil! impress you and your computer. 
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00730 REM CALL РОР(Х5) TO GET ANSWER 
00740 GOSUB 1040 

00750 IF x5 <> "" THEN 800 

00760 NEXT Hl 

00770 REM FAILURE 

00780 PRINT "Na hypothesis can be confirmed.” 
00790 GOTO 820 

00800 REM SUCCESS 

00810 PRINT "I conclude that ";Z5;H$(E1);"." 
00820 PRINT 

00830 PRINT "Restart or Quit (R ог Q)"; 

00840 INPUT C$ 

00850 IF C$ = "В" THEN 640 

00860 IP C$ «» "Q" THEN 830 

00870 STOP 

00880 REM - 
00890 REM SUBROUTINE PUSH(X$) 
00900 IF 51 < 59 THEN 930 

00910 PRINT "STRING STACK OVERFLOW" 
00920 STOP 

00930 $1 = SI +41 

00940 S$(51) = I$ 

00950 RETURN 
00960 REM -------------- 
00970 REM SUBROUTINE PUSH(X) 
00980 ГР 52 < 58 THEN 1010 
00990 PRINT “NUMBER STACK OVERFLOW" 
01000 STOP 

01010 52 = 52 + 1 

01020 S(S2) = X 

01030 RETURN 

01040 REM ----------- 
01050 REM SUBROUTINE РОР(Х9) 
01050 IF 51 » 0 THEN 1090 

01070 PRINT "STRING STACK UNDERFLOW" 
01080 STOP 

01090 X$ = 59151) 

01100 51 S1 - 1 

01110 RETURN 


a HP d 
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01130 REM SUBROUTINE POP(X) 

01140 IF 52 > 0 THEN 1170 

01150 PRINT "NUMBER STACK UNDERFLOW" 
01160 STOP 

01170 X = 8(82) 

01180 52 «52-1 

01190 RETURN 


01200 REM anna en e ae eee 
01210 REM SUBROUTINE VERIFY(Fl$, Y) 

01220 REM ATTEMPTS TO PROVE THAT FACT F1$ IS TRUE 
01230 REM CALL RECALL TO SEE IF WE ALREADY KNOW Ғ15 


01240 F25 = Ғ16 

01250 GOSUB 1840 

01260 ІР R25 <> И" THEN 1760 
01270 REM 
01280 GOSUB 2100 


Р1$ NOT CURRENTLY KNOWN; CALL INTHEN TO FIND RULES THAT DEDUCE IT 


01290 REM ANSWER 15 IN Q, WITH Q(0) THE COUNT; ARE THERE ANY RULES? 


01300 Q8 = 0(0) 

01310 IF Q8 > 0 THEN 1360 
01320 REM 
01330 GOSUB 2320 

01340 IF Al$ = "" THEN 1790 
01350 GOTO 1760 


NO RULES; CALL ASK TO ASK THE USER 


01350 REM CHAIN BACKWARD THROUGH THE RULES RECURSIVELY 


01370 Ql I 

01380 REM X PUSH NEEDED LOCAL VARIABLES 
01390 X$ = ҒІ% 

01400 GOSUB 880 

01410 X » Y 

01420 GOSUB 960 

01430 FOR Q2 - 1 TO Q8 
01440 X = Q(QZ) 

01450 GOSUB 960 

01460 NEXT 02 

01470 X = Q8 

01480 GOSUB 960 

01490 X = 01 

01500 GOSUB 960 


266 = September 1981 © BYTE Publications inc 


Listing I continued on page 268 


the development of expert systems: 
the exercise of building a knowledge 
base for a problem area forces the ex- 
pert to think through the problem ina 
precise and thorough manner. The 
resulting codification benefits the 
basic science itself, For example, 
models of mineral deposits have ap- 
peared for years in the literature of 
economic geology, but these models 
have traditionally been expressed in 
English prose, accompanied by 
schematic geological sketches and 
maps. Such models are meaningful to 
geologists, but they are descriptive 
rather than predictive. Furthermore, 
many details are left unstated because 
the author assumes that the readers 
will understand what is meant, Since 
the development of PROSPECTOR, 
there seems to be more interest 
among geologists in developing 
models more precise than those of the 
past. 

We pay dearly for expertise when 
we need it, whether it's for fixing a 
home appliance or for finding oil. 
Knowledge-based expert systems of- 
fer the potential of codifying and 
disseminating expertise to those who 
don't have it, In effect, knowledge- 
based expert systems offer the prom- 
ise of putting experts at everyone's 
disposal. 


À Simple Rule-Based System 

Most rule-based expert systems are 
large programs written in LISP, too 
big for today's personal computers. 
However, it is possible to write a 
small rule-based program that is both 
entertaining and educational, 

The BASIC program shown in 
listing 1 implements a simple version 
of the backward-chaining procedure 
used in MYCIN. This program is 
essentially a recoding of the 
DIAGNOSE program used by 
Winston and Horn in their book LISP 
(see reference 35) to explain rule- 
based systems, and includes their set 
of fifteen rules for identifying 
animals. The network formed by 
these rules is depicted in figure 5. 
While these rules are too few and too 
simple for serious use, you might 
have fun changing them and creating 
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MULTI-USER OASIS 


HAS THE FEATURES PROS DEMAND. 


Computer experts 

(the pros) usually have big 
computer experience. 
That's why whenthey shop 
system software for Z80 
micros, they look for 

Ihe big system features 
they're used to. And that's 
why they like Multi-User 
OASIS. You will too. 


DATA INTEGRITY: FILE & 
AUTOMATIC RECORD LOCKING 


The biggest challenge 

for any multi-user system 
is co-ordinating requests 
from several users 

to change the same record 
al the same time, 

Without proper 
co-ordination, the 
confusion and problems 
of inaccurate or even 
destroyed data can be 
staggering. 

Our File and Automatic 
Record Locking features 
solve these problems, 

For example: normally 
all users can View a 
particular record at the 
same time. But, if that 
record is being updated 
by one user, automatic 
record locking will deny all 
other users access to the 
record until the up-date is 
completed. So records 
are always accurate, 
up-to-date and integrity 
[s assured. 

Pros demand fila & 
automatic record locking. 
OASIS has it. 


SYSTEM SECURITY: 
LOGON, PASSWORD 
& USER ACCOUNTING 


Controlling who gets on 
your system and what they 
do once they're on it is the 
essence of system security. 


Circle 292 on Inquiry card. 


(THEN COMPARE.) 


Without this control, 
unauthorized users could 
access your programs and 
data and do what they like. 
A frightening prospect 
isn't it? 

And multi-users 
can multiply the problem. 

But with the Logon, 
Password and Privilege 
Level features of Multi-User 
OASIS, a system manager 
can specify for each user 
which programs and files 
may be accessed— 
and for what purpose, 

Security is further 
enhanced by User 
Accounting —a feature that 
ets you keep a history 
of which user has been 
logged on, when and 
for how long. 

Pros insist on these 
security features. 

OASIS has them. 


EFFICIENCY: 
RE-ENTRANT BASIC 


A multi-user system 

is often not even practical 
on computers limited 

to 64K memory. 

OASIS He-entrant 
BASIC makes it practical. 

How? 

Because all users use a 
single run-time BASIC 
module, to execute their 
compiled programs, less 


OASIS IS AVAILABLE FOR 

SYSTEMS Altas, Gompucarp Cramemcu 
Dalta Products; Digital Group, Digitar 
Micrbaysterns. Оупавуіе Godboul, ВС 
Index. Iniersysiims, North Star Омух, 
30 бутот TAS 80 Mod IF месір, 
Graphe Vorimex 

CONTROLLERS Gel! Conimts, Cameo. 


Corvus, Koren Micromalion: Mrcropotis. 
Tarbell Talelok, Thonkertoys X Comp 


memory is needed. Even 

if you have more than 64K, 

your pay-off is cost saving 

and more efficient use 

of all the memory you have 

available — because it 

services more users. 
Sound like a pro feature? в 


Wie lor compialo 
ea Ақсай Sotware Drrentory 


PLEASE SEND ME: 


І Ргрциві Manual | Oniy 
AND LOTS MORE... „Мы -7 hm 
Fe Hb REA, 
| Aa". 
Multi-User OASIS supports р ғыт Sppe 

as many as 16 terminals ор tei pt). иф |+ 
апа can run in as little as д "se^ A Eki 
55K memory, Or, with y таме сонра, 18 no 


INTERPRETER/DEBUGGER 


bank switching, as much 1 


as 784К. EU PET 
Multi-Tasking lets each "Joan таша 
user run more than one = Lisage banor | 
job at the same time. —— | е 
And there's our BASIC— p ов | us | шю 
a compiler, interpreter and = = 
debugger all in one. " то ies 
Ап OASIS exclusive. Cons mmn Fie 
Still more: Editor; Hard р оет ы 
&Floppy Disk Support; p22 t M 
Keyed (ISAM), Direct & ГЕКЕ" 
Sequential Files; Май-Бох Борсы башын, 15.00 
Scheduler; Spooler; PACKAGE PRICE 
(^| of Abuse 
all from OASIS. SINGLE-USE | 500 | sao 
Our documentation is | e | 
recognized as some of the а "Е 20" 1% | iso 
COBOL-ANSI "78 ЕГИ 46,00 


best, most extensive, іп the р 
industry. And, of course, р 
lhere's plenty of y Order OASIS tram 
application software. g Phase One Systems, Inc. 

Put it all together and И'в 7700 Edgewater Drive, Suite 830 


Oakland, CA 94621 
easy to see why the real — Штыерионе |415) 562-8088 


pros like OASIS, Join them. Il ae 
| 
Send your order today. p STREET (NO BOX =) 
р n CITY 
à STATE. — ДІР 
AMOUNT $ 
(Айасһ күзет SECON: 


| В add 53 far shipping 
Caiilomia residents add tales tax) 


І Г] Check enclosed [i VISA 
ЕГІ ШР5СОП, ГІ Mastercharge 
ll Сага Number 

f Expiration Date 

§ Signalure 


MAKES MICROS RUN LIKE MINIS 
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Сігеіе 206 оп inquiry card. 
Price/Performance || sting 1 continued: 


Breakthrough! 01510 REM SETUP ARGUMENTS AND GOTO TAYRULE+(R1, Y) 
01520 RI = Q(Q1) 

01530 Y = 2 

01540 GOTO 2840 

01550 REM РОР AND SAVE THE ANSWER, AND POP THE LOCAL VARIABLES 
01560 60508 1040 

01570 X15 = X$ 

01580 GOSUB 1120 

01590 91 = X 

01600 606508 1120 

01610 98 = X 

01620 FOR Q2 = 08 TO 1 STEP =l 

01630 GosUB 1120 

01640 Q(Q2) = X 

01650 NEXT Q2 

01660 GOSUB 1120 

- 01670 Y = X 

01680 GOSUB 1040 

01690 Ғ15 = X$ 


web 
—= 
b 


E ген WT e | 01700 IF X1$ = "T" THEN 1760 
EZ | Ба E 01710 REM RATS, RULE Ri DIDN’T WORX; TRY THE NEXT ONE 
z Ra үш XN C dp — | 01720 Ql = 01 +t 
Es ы „| 01730 IF 01 <= Q8 THEN 1380 
ЕСЕП Au т mp 01740 REM CURSES, NONE OF THE RULES WORKED 
ЖҮЗЕ p —— 01750 GOTO 1790 
‚ = ва — —©— 01760 REM SUCCESS 
"Wi Iu | = 01770 X$ = "T" 
: | a 01780 бото 1810 
cmo mra RE E n > ER 01790 REM FAILURE 
Courtasy of DASOFT DESIGN SYSTEMS 01800 xg = "" 


01810 REM PUSH THE ANSWER AND RETURN 
01820 GOSUR 880 


Mauro MP-250B Proac || 01830 os ү сото 730,1550, 2950. 3300 


01840 REM --- 


The $775 pen plotter that gives || $1860 nex CHECKS 10 ЗЕЕ IF FACT £25 HAS BEEN RECORDED 
professional accuracy with 01870 А25 = ™ 


superb line quality! 01880 IF Fl = 0 THEN 1940 
Mauro's design innovations make il || 01890 FOR I = 1 TO Fl 
possible to produce a high quality, lowcost || 01900 IF Е2$ = PS(I) THEN 1930 
plotter that out-pertorms every other ploiter || 91910 NEXT I 
of comparable price on Ihe market today. п || 01920 GOTO 1940 
fact, its tine quality matches that ol ріойег5 01930 R28 = Р2$ 
casling $2,000 or more. MAPEI ЖУА 


а 01950 REM —— mm 
Proac draws with .005"/step resolution || 61360 REM SUBROUTINE REMEMBER (F25) 


and + 0.5% @ 17" degree of accuracy al 
speeds of 2.5" per second or higher А Ay c m _ RECORDS РАСТ 22$ 


unique multi-point paper drive helps || 51599 в MRAN 
achieve this level of accuracy, making гәч 20 d РЕВЕ SEE та Ж баса 
Proac suitable lor a wide variety of 02010 IF R2$ <> "" TREN 2090 


applications. 02020 REM ADD NEW FACT 
Currently the МР-250В and Ihe newer 02030 IF FL < £9 THEN 2060 


МР-300 are being used in Surveying, in || 02040 PRINT "OUT OF ROOM FOR RECORDING FACTS" 
Design Automation for logic diagrams and 02050 STOP 
printed circuit layout, and іп CAD drafting 02060 Fl = Fl + 1 
syslems, The MP-250B and МР-300 are the 02070 FS(Fl) = Ғ25 
anly tow cosi plotters that have Ihe speed, 02080 R15 = F2$ 
accuracy, repeatability, and line qualily 02090 RETURN 
necessary to meet these demanding EE ее ғы аннан 
applications. I your need is for professional 02110 REM SUBROUTINE INTHEN(F1$) 
plotling consider one of our plotters or one 02120 REM FINDS ALL THE RULES THAT HAVE РАСТ Е1$ AS A CONSEQUENT 
of our soon to Бе announced larger format 02130 Q(0) = 0 
models. 02140 REM LOOP THROUGH THE RULES 
Proac comes wilh full vector driving 02150 FOR R3 = 1 TO R7 
software Юг BOBO, 6502, and 6800 based 02160 REM FIND THE CONSEQUENTS OF RULE R3 
computers. Interlaces are available tor 02170 R4 = R(R3) + 2 
Appie. and PET, With ihe addition of the SIA 02180 F2$ = В$ (54) 
250 Intelligent interface, Proac becomes 02190 ТЕ F2$ = "THEN" THEN 2220 
compatible with any computer. 02200 Rå = R4 +1 
Contact Mauro Engineering about 02210 GOTO 2180 
complete information and specifications for 02220 REM LOOP THROUGH THE CONSEQUENTS 


MP-250B Proac and available software 02230 Rá = Rá + 1 
02240 Ғ25 = RS (Кај 


РИ ҒАЛЫ E ЛЕС EE 02250 IF F25 = "STOP" THEN 2300 
MAURO ENGINEERING || 02260 tz вз ваа) = "rz" THEN 2300 


02270 IF F2$ <> F15 THEN 2230 


RN ALL LC te ee ee ee ee ai d 


2220 Pack Trail 02280 00) = 0(0) +1 
Mount Shasta, California 96067 02290 Q(QCQ)) = R3 Listing 1 continued on page 270 
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Comes the revolution 
in Apple word processing. 
Powerlext. From Beaman Porter. 


Orctete Fiara Tingrt 7 


i Aig gst Cipy 
cer 


ү i Joe ы чап, Jr 
Joe Sullivan à Associates, кш 
чата avenue óf the America 
Нар Yorks Hew York 16626 
Ғяһ1 Jo 
fy уб for Best regards, 


Bruce J. Bloom 1 

President 

/pàr I've produced this letter ta you 
using our APPLE computer апа our пеш 
PouprTewxt word procestinao 41 сев. 
"раб PowerText is qnan A 
remariabple. трага, | 

else liue it. м any 

! ! have to do а 

| All I did Wag enter 

pilus а few siebie comnanmds. 5 

did some editing, oetauge I chanag 
wind about a few words herë эта tr 
“рас PowerText did the rest, я ner fect 


ni 
et at ions ugut» 


Get this out! 


Type this in. 


Bat put a letter on your Apple's keyboard just 
85 fast as you can. 

Forget all about format. Keep on going. 

As you go, just type in simple, short 
commands to identify the name and address 
alement , the salutation... paragraphs .. апа 
sign-off. 

Do your editing: Make any changes you like. 

Then .. tell PowerText to go ta work. 

In seconds a perfectly formatted letter starts 
rolling out of your printer. With every word 
exactly where you want It. 

And for an encore PawerText also addresses 
your malling envelope. 

It's a true revolution in Apple word processing 
software. New... from Beaman Porter, 


Formats avery document flawlessly. 

PowerText knows precisely how you like your 
letters to look. And your memos. Your reports. 
Your presentations, Your manuscripts, 

Every correspondence element, “70% and 
*FRDM" line, chapter heading, column of 
statistics, and paragraph ,.. 15 exacily where you 
want il. 

Beautiful! 


The editing power of PASCAL, the formatting 
power of Ромегтехі. 

PowerText adds its own total document format 
control to the Pascal editor's exquisite 
capabilities. 

Result: you get perfect formatting... plus full 
inseri, delete, and global search and replace 
capabillties. In one remarkable system. 

Plus... with a letter quality printer... the 
ability ta print in from 6 to 15 pitch. 

And you can use a variety of pitches within any 
document! 


APPLE is a requstéred trademark of Apple Computer inc USCD 
PASCAL is а гріха trademark of UC, Regents POWERTEXT 
ls a registered trademark o! Beaman Porter, Inc. 


Circia 37 on inquiry card. 


Intelligent word processing decisions. 

You never have to worry about page breaks, 
or winding up with “Yours truly” all by itself on 
page 2 of your letter. 

PowerText makes exactly the right decisions 
about all that for you. 

And it automatically tracks your footnote or 
bibliography numbers 


Column formais are a snap. 

PowerText accommodates up to 12 columns 
per 132-character line. With individual line 
spacing for each column. 

It lets you left- or right-justify—nr canter— 
Bach column separately. Or print any column in 
garagraph style. And there are no tab settings to 
set for columnar reports; PowerText dogs the 
arithmetic for you. 


PowerText requires 48 К APPLE II or APPLE |! 
PLUS, two disk drives, and PASCAL language 
system, plus a Qume, Diablo, or Epson printer. 


FULL 5-YEAR WARRANTY! 


PowerText has been proven with tha most 
demanding tests. . and /exts ... we could devise. 
Н always works. If it should fall to nertarm as 

, seng it back, 


specified ... for a luf! 5 years . 
We'll fix it at no charge. 


Limited Time Introductory Offer. 

The operating ease, scope, and sophistication 
of PowerText go far beyond any other word 
processing software... at алу price. 

Yel PowerText, plus its excellent Manual/ 
Tutorial, are available naw at the Special 
Introductory Price of only $199. (Manual/Tutorial 
alone, only $25... deductibig from the $199 
package price when you order the disk later.) 

Available from selected dealers nationwide, or 
direct from 


e» BEAMAN PORTER, INC. 
High Performance Computer Products 


(614) uage в Riad, Harnson, NY 10528 


1 BEAMAN PORTER. INC. 

j Pleasant Ridge Road, Harrison, NY 10528 

ГІ Send complete PowerText system(s} (Disk 
plus Manual/Tutorial) (a. 5199 

[]Send. — copies of tha Manual/Tutorial only 
(2:825 (deductibla trom tha $199 total system price 
when | order the Disk later) 

C] My check or money order (ог 

Or bil — lo my 

C) Mastercard C] Visa 

were олу, list 4 digits D your name 


B91 


8009562. 


& | 


І! 


Exp Dale 


HIT I 


Cily, State, žig 


8 p undecstind my PowerText Disk w warranted ior a full free увага 
| Should i fall to pertorm ав specstied, Baaman Porter, lnc. will ix й 
{ № me ai по charge. 


= 2 2 I I I LI I сз шшш M шиш; шш шшс шш ш ee D LOAD um = 


= = m o e e oe e o e шш sms ‚шш nm pans pne шы amem шшр ео тщ ш тш: = = =. == 
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Circle 73 on inquiry card. 


4 , | z 
If you're looking for ПИЯ 


the best prices 02300 NEXT R3 
in the U.S.A. on 


02310 RETURN 

02320 REM ---------“----....................... ...... — 
02330 REM SUBROUTINE А5К(ҒІ5) 

02340 REM ASKS THE USER ABOUT FLS AND EXPLAINS ITS REASON 
02350 A1$ = "М 

02360 REM HAVE WE ASKED THE USER ABOUT #1$ BEFORE? 

02370 IF Al = 0 THEN 2410 

02380 FOR А2 = |] TO AI 

02390 IF F1$ = AS(A2) THEN 2830 

02400 NEXT A2 

02410 REM WE HAVEN'T ASKED BEFORE. ІР НЕ HAVE ROOM, LET'S ASK. 
02420 ТЕ А1 € А8 THEN 2450 

02430 PRINT "OUT OF ROOM FOR ASKED QUESTIONS" 

02440 STOP 

02450 Al = Al +1 

02460 АЗ (АІ) = F1$ 

02470 PRINT "Ін thin true: ";2$;F1$; 


MICROCOMPUTERS uu he M pror END 


We have consistently offered the 02500 IF C$ = "И" THEN 2830 
"A E 02510 IF C$ «» "W" THEN 2470 
TRS-80 line at savings up to 20%. You 02520 REM ТНЕ USER WANTS TO KNOW WHY I ASKED 
can save up ta $1500 by buying — 02530 REM АВЕ WE WORKING ON А RULE? 
from Computer Discount of America. 02540 IF Р1$ <> H$(H1) THEN 2590 


02550 REM МО, Р1$ IS A TOP-LEVEL HYPOTHESIS 
02560 PRINT "One cf the possibilities ia ";:25;T1$ 
02570 PRINT "Unfortunately, I have no way ta deduce this except to ask you." 
025B0 GOTO 2470 
02590 REM YES. Е15 IS А SUBGOAL. PRINT RULE R1 
: 02600 PRINT "I am trying to use Rule ";R$(R(RI) 
We have the full line of ATARI per- 02610 R3 = R(R1) + M T | 
| sonal computers and systems. || 02620 IF R3 = R2 THEN 2670 

Model |! 02630 PRINT "I already know that:" 

26-4002 ВАК, 1 disc 5338500 | | 02640 PRINT 2$;8$ (83) 

Model 111 02650 R3 = RJ +1 

26-1061 АК. Level) $ 61000 | | 02660 ІР R3 < R2 THEN 2640 


26-1062 16K Level iM $ B45.00 02670 PRINT "IF;" 


26-1066 48K, Level J| 2-driva/AS-232 $2115.00 02680 PRINT Z$;RS$(R3) 
02690 R3 = ЁЗ + 1 


ти 02700 IF RS(R3) <> "THEN" THEN 2680 
$ 329.00 # | 02710 PRINT "THEN:" 
26-3002 ТЕҚ w/Ext. Basic $ 499.00 " 
Eun 02720 R3 = R3 + 1 
02730 PRINT Z$;R 
EE sam [| ого вз аз 
n + ы $ 485.00 # 02750 ІР RS(R3) = "STOP" THEN 2770 


MXBOFT Printer | $630.00 [| 02760 ІР R$(R3+1} <> "IP" THEN 2730 

Dur savings are as big on expansion 02770 PRINT 

interfaces, printers, diskettes, Apple 02780 GOTO 2470 

Computers, OKIDATA Microline, 02790 REM THE USER SAYS THAT Р1$ IS TRUE: CALL REMEMBER TO RECORD IT 
C-ITOH Starwriter, Lexicon Modems | | 02800 25 = r1$ 


: 02810 GO 5 
— everything for yaur computer. 02820 m = 


We have the largest inventory in the 02830 RETURN 

Northeast, and most madels are in ООЗМО 6 eem — SESA — 
stock, for immediate delivery. 02850 REM SUBROUTINE TRYRULE-(RI, Y) 

Qur full price catalog or a price 02860 REM TRIES TO APPLY RULE RI 

quote is as near as your phone. ы С д а 


CALLTOLL FREE: IE-TEHN 
| ais 02900 X = Y 
нге pe 7 02910 GOSUB 960 
800-526-531 3 02920 REM SETUP ARGUMENTS AND СОТО TESTIF+(RI, Y) 
02930 Y = 3 


: 02940 GOTO 3130 
02950 REM POP THE RESULTS OF TESTIF+ AND RESTORE LOCAL VARIABLES 
| | 02960 GOSUB 1040 
DU er 02970 GOSUB 1120 


= 02980 Y = X 
Discount 02990 GOSUB 1120 
03000 ВІ = X 
- | 03010 IF X$ = "" THEN 3080 
0 | merila | 03020 REM CALL USETHEN 


03030 GOSUB 3440 

| -— 03040 IF 11$ = '" THEN 3080 

COMPUTER DISCOUNT ОҒ AMERICA, INC. 03050 REM SUCCESS 

15 Marshali Hill Road, West Milford Mall 03060 X$ = "T" 

West Milford. Hew Jersey 07480 03070 GOTO 3100 

іп New Jersey Call 201-728-8080 || 03080 REM — FAILURE Listing 1 continued on page 272 
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MODEMS AND COUPLERS 


Penril U.S. Robotics | 
USR-330A 

Bell 103/143 style | 
USR-330D 

Ве! 103/413 style 


_ Penril 
300/1200 


| 
| USR-330D ........ $339 
| Bel) 103/113 style. 330 baud. Manual originate, auto- 


a 


answer. Hall/tuli duplex, RS232. 1 year warranty. Direct 


Penril 300/4200-—Bell 212A style $799 : 
connect to phone lines vía RJ1TC standard exiension 


Bell 212A siyle. 1200 baud and 300 baud, Manual origi- 
nate, auto-answer. Full duplex. RS232. Direct connect 
(o phone lines via RJ11C standard extension phone 
voice Jack, 1 year warranty 


тяжб шү 


phone voice jack. 


05Р-330А ...................... 6399 | 


how dc mw modom ыы 


Same as И5Я-3300 bul includes auto-dial capability. 


Corporation 
DEC УТ100 F 
Superowl 1251 


Perkin-Elmer Superowl 1251 ...,...... $4564 

| Intelligent, editing CRT. Detachable keyboard. 32 fully 
programmable function keys. intelligant printer part. 
Business lorms character set. Block mode. Prolected 
fields, Blinking field&. Numeric fields. Revarse video. 
Hal! intensily. Palling. Down line loading of options. Re- 
mote control of ali options by host computer. Setlable | 
labs. Status line. Separate numeric keypad. Transpar- | 

| епі mods. < 


DEC УТ400 ... $4668 
Detachable keyboard, Separate numeric keypad wilh 
junction keys. Business forms character sel. Ravarse 
video, Selectable doubla-size characters Bidirectional 
smooth-scroliing. BO cols or 132 cols. Split screen. Set- 
table labs Line drawing graphic characters. Status line. 
Key-Click, 


HARDCOPY TERMINALS 


| 

| 

riens NE | a eee: [4 
Digital Equipment Corporation CRT's Perkin-Elmer | 


> & PRINTERS 


^ ^ ^ 
— DEC LA120 
Model 43 Digital Equipment 
— Corporation 
Corporation 


DEC 1А420.,. $2388 


180 CPS. Dot matrix. Upper/tower case. 1K buffer. De- 
signed for 1200 baud communicalions. 30 character 
answerhack massage. Adjustable line spacing. Adjus- 


desca lowe lable character sizes including double sized characters. 
prec sickness pem ctii bc nin 4 Байайбе horizanial and vertical tabs Top-of-form capa- 


4 Excellent print quality for dot matrix printer. Pin bility. 85232. 


NEC Corporation | 4 
NEC Spinwriter 5540 & 5520 , 


Teletype Model 43 KSR with R5232 
and Connector Cable .............. $999 


Perkin-Elmer | 
Corporation 


.. $3088 Pussycat 650/655 
| CRT Screen Printer | 


650/655 Pussycat CRT Screen Printer, $899 | 
100 CPS. Extremely сотрасі and quiet. 110 Іс 9600 

baud rate, 2K buffer. Idea! for producing rapid, rehabie | 
hardcopy о! your CRT screen display. Can be added 10 
any CRT with our inlerface option. 


5520 KSR Spinwriter .. 
55 CPS. ітбасі printer. Ѕеіесіпс pnnt quality. Change- 
able print fonts, 110. 300 and 1200 baud dala rate. Nu- 
тегіс keypad. Friction and tractor feed. 

5540 Spinwriter 52754 
55 CPS impact printer. Selectric рплі quality. Change- 
able print tonis. 170, 300 and 1200 baud data rate. Fnc- 
tion and tractor feed | 


өтейгғісія ub 


bP*hüusulmbüwhkBububktHuusembPebheteneqso 


COMPUTERS-TERMINALS-MODEMS! 


Connect your Apple, TRS-80 or any other computer or terminal fo the phone lines! 


| 2nd page of memory (5505 onlyJ.. $400 


| Options for LAS4AA and АЗ4рА 


U.S. Robotics 


The 

Phone Link 
Acoustic 
Modem 


$479 


Bell 103/413 style ........... 
300 baud. Sleek, low profile. Originate and answer cap- 
abifily, Halffull duplex. Self-test. RS232. Light displays 
for On, Carrier, Test, Send Dala, Receive Data. 1502. 


пери =ттщ ө 


 Perkin-Etmer Corporation | 


Bantam 550B ..., 5594 
Compact. Silent. Upper ower 
case, 80th col. wrap-around. 
Вай. integrated numeric pad. 

| Printer рой. Transparent 

| | mode. Editing features. 
Tabbing. 

„ Bantam 550E... $755 
‚ same as 5508 plus 
saparale numeric Kay - 
pad and cursor direction 

! | keys. 
Bantam ШЕ .............................. Я 
Same as 550Е plus block mode. 8 function keys, and 
protected fields, reverse video fields, hal intensity 
| fields, biinking fields. 


| 550 Options 
20màA Current Loop Interface.,....... $70 | 
Non-Glare 5сгеөп........................ $25 


Digital 
Equipment 
Corp. 


DEC LA34DA ... $939 
30 CPS. Dat manx. Upper/lower case. 4 character 
sizes. Up lo 217 cols per line. ё tines per inch settings. 
Friction feed. Settable tabs. Н5232. 

.... 94095 


DEC LA34AA чи +4 ке HEHE текие 
30 CPS. Dot matrix. ИррегЛомег case, 8 character 
sizes including double size characters. 6 lines per inch 
settings. Up to 217 cols per lina. Friction feed. Setiable 
horizontal and vertical tabs. Top-of-lorm capability. 


Tractor Feed Mechanism .. sus. $444 
Numeric Keypad w/ Function Keys.. 569 
Pedestal........ ‚. 9100 
Paper Out Ѕепҳог......................... 925 
APL Capability with APL Keycaps .. $499 
2K Buffer with Text Editor and 1200 Baud | 
Communications Сарсы ....., $499 


т-тттикатегкькиЯісаейнтыя т 


Leasing rates and lease/purchase plan information is available on request. 
All equipment is shipped with a 10 day money back guarantee. 
We offer full service, on site maintenance plans on all equipment 
А! equipment in stock 


(Sl2) 346-5650 
(312) 346-5655 
312) 733-0497 


SALES 
GENERAL OFFICES 
SERVICE 


U.S. ROBOTICS inc. 


POS N WABASH SUME ГӘ CHICAGO ILL. 6060 


Circle 291 on inquiry сага, 


Listing 1 continued: 


03090 X$ = "" 

03100 REM PUSH THE ANSWER AND RETURN 

03110 GOSUB 880 

03120 OW Y GOTO 730,1550,2950, 3300 

03130 REM -----------------------------------..--..--. 
03140 REM SUBROUTINE TESTIF*(Rl, Y) 
03150 REM CHECKS ANTECEDENTS TO SEE IF RULE RL IS APPLICABLE 
03160 R2 = R(R1) +2 

03170 72$ = 8$ (82) 

03180 IF P2$ = "THEN" THEN 3410 

TM $789 03190 REM PUSH NEEDED LOCAL VARIABLES 

бы 03200 X = Y 
03210 GOSUB 960 
03220 X = R1 

03230 GOSUB 960 

03240 X = R2 

03250 GOSUB 960 

03260 REM SETUP ARGUMENTS AND GOTO VERIFY 

03270 Y = 4 
03280 Р1$ = F23 
03290 GOTO 1200 
03300 REM РОР ANSWER FROM VERIFY AND RESTORE LOCAL VARIABLES 


АТАРІ? 400...5359 || 93210 cosus 1040 
немеет HP-85 | йш. 


03350 Rl = X 

03360 GOSUB 1120 

03370 ¥ = X 

03380 IF X$ = "" THEN 3430 


ES 03390 R2 = R2 + 1 
и $ - 03400 СОТО 3170 
HUNE PT. 03410 REM SUCCESS 
т PE | 03420 X$ = "T" 
$2795 = 03430 REM — PUSH THE ANSWER AND RETURN 


03440 GOSUR 880 


HP-85 Accessories 03450 ON Y GOTO 730, 1550, 2950,3300 


5%” Dual Master Disc Drive List 52500. 52125 Ті. ерер ны онаа e аан 
5%” Single Master Disc Drive List $1500... $1275 03470 REM # SUBROUTINE USETHEN (AL) 


НР 7225A Graphics Ріопег List $2050.. .. 11845 03480 REM APPLIES RULE Rl AND PRINTS NEW DEDUCTIONS 
lah 16K ute odule List $395. * ..., $358 03490 U1$ = "" 
9-85 Application Pacs Standard List $95, ,. $85 
Serial (AS-232C) Interface Module List $395, $355 03500 REM FIND THE CONSEQUENTS 
GPIO Intariace Module List $495 . . $445 03510 R2 = R(RI) +2 


| 03520 Е25 = B$(R2) 
НР.83 (5192250 03530 IF Р29 = "THEN" THEN 3560 
пеш $1895 03540 R2 = R2 +1 
HP-41CV with five times |И 03560 REM LOOP THROUGH CONSEQUENTS 


— 03570 82 -R2 +1 
. rem 
4 more memory ||| 03580 pos = n$(R2) 


built in. 03590 ІР P2$ = "STOP" THEN 2670 
List $325 03600 IF B$(R241) = "IF" THEN 3670 
5249 | 03610 REM CALL REMEMBER TO ASSERT THE CONSEQUENT 
BULL 03620 GüSUB 1950 
я 03630 IF 819 = "" THEN 3570 
Ше ДБ 03640 PRINT "Rule ";RS(R(R1));" deduces “;2$;729 


03650 01$> "T" 


$199 03660 GOTO 3570 


; - 03670 RETURN 
НР-322Е Scientific w/Stotlstics - 53,95 03680 REM ------ 


НР-33С Scientific Programmable $79.95 03690 REM SUBROUTINE LOADRULES 
HP-34C Advanced Scientific 03700 REM INITIALIZES THE RULE ARRAYS R$ AND В WITH THE RULE DATA 


Ay illi Чань Ad 


eee 


Programmable ___ ... 123,95 
НР-37Е Business Calculator $49.95 mos Е-е Т 
03730 R8 = 0 
ersonal || 03740 ТЕ RB < R9 THEN 3770 
03750 PRINT "OUT OF ROOM FOR RULES" 
ompater 03760 STOP 
03770 REM READ NEXT RULE INTO R$ 
"ет: 03780 REM FORMAT: <name> IF «ant» --- «ant» THEN <соп> ... «com 
03790 RA еңі +1 
03800 READ R$ (RB) 
=. 03810 IF R$(RH) <> "Ir" THEN 3840 
609 Butternut Street ern Mis м? 3 
Syracuse, N.Y. 13208 03840 IF RS(RB) <> "STOP" THEN 3740 
(315) 475-6800 03850 RETURN 
Prices do nol include shipping by UPS. АЙ 03880 REM RULE DATA 
prices and offers subject to change withoul 03870 DATA "ANIMAL " Listing 1 cantinued on page 274 


notice. 
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$30 lets you take 
vanced VisiCalc lessons 


from VisiCalc’s creators. 


Introducing SATN from Software Arts, 
Inc., the creators of the VisiCalc pro- 
gram. SATN (Software Arts Technical 
Notes) is a publication offering on-going 
support to ali VisiCalc users—from 
novice to expert. 


Each issue of SATN is filled with tech- 
niques and information to help you 
expand your present understanding of 
VisiCalc functions as well as learn 
advanced methods to help in developing 
your own VisiCalc applications. 


Benefit immediately from highly 
informative articles: 
¢ Complete Applications in Detail: 

— Payroll Tax Calculation using 

@ LOOKUP 

— Mortgage Decision Calculation 
¢ In Depth Descriptions of VisiCalc 

Features: 

— Contents of a Saved Sheet 

— Uses of DIF™ data file format 
+ Unusual Applications and Techniques: 

—Date Arithmetic 

— Recreational Mathematics 


SATN 15 your personal pipeline to the 
people at Sofiware Arts who invented and 
developed VisiCalc. Their knowledge and 
experience with VisiCalc is available to 
vou in each and every issue. 


Special Charter Subscription Offer 


Get 7 ЗАТМ issues for the price of 6, if 
you subscribe by December 31, 198]. 
We'll send you a FREE copy of SATN 
when vou return the coupon, or call our 
toll-free number 800-257-7850 to order a 
year's subscription at our special intro- 
ductorv rate of $30. 


Full Refund Policy 

If vou are not completely satisfied with 
your first issue of SATN, let us know 
within one month, and we will refund 
vour money. Your free SATN issue is 
yours го keep. 


Act today! 


FOR FAST DELIVERY CALL 


TOLL-FREE 800-257-7850 Op. 737. 


(In N.J. 800-322-8650) 


Pdl a, ee ee 


Software Arts, inc. 
SATN SUBSCRIPTION 
PO. BOX 815 
QUINCY, МА 02169 
C] Yes, I'd like ro receive advanced lessons 


= te sere: send me к ин is 
c regular subscription rate, $30. (Outside 
05 $50) 


O Check enclosed [1 MasterCard 
C View О Bilme 

Credi Card ия Expiration Date. Interbank |) 
Nune Signiturc 
Addres 

City Sune/Couniry Zip/Postal Cade 


On what compntersis? do yoo run VisiCalc? 


B Please allow 6-8 weeks for delivery. 


SATN. The Journal for VisiCalc Users 


The VisiCalc program is copyrighted by Software Arts, Inc. DIF ts o rrademark of Software Aris, lnc. 
VisiCalc is d trademark of Personal Software Inc, , which ts the exclusive world-wide publisher and distributor of the VisiCale program. 
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Listing 1 continued: 


03880 DATA "RI", "ІР", "BAS HAIR", "THEN","IS MAMMAL" 

03890 DATA "R2","IF","CIVES MILK","THEN ,"IS MAMMAL" 

03900 DATA "R3","IE","HAS FEATHERS", "THEN"U,"IS BIRD" 

03910 DATA "R4" "IF" "PLIES" "LAYS EGGS", "THEN", "IS BIRD" 

03920 DATA "R5","IF","EATS MEAT", "THEN", 15 CARNIVORE" 

03910 DATA "R6","IF","HAS POINTED TEETH", "HAS CLAWS” "НАЗ FORWARD EYES" 
93940 DATA "РНЕ", "15 CARNIVORE" 

03950 DATA "R7","IF","IS MAMMAL"."HAS HOOFS","THEN","IS UNGULATE" 

03960 DATA "R8","IE","IS MAMMAL" "CHEWS CUD","THEN","IS UNGULATE" 

03970 DATA "R9","IF","IS MAMMAL","IS CARNIVOKE","HAS TAWNY COLOR" 

03980 DATA “HAS DARK SPOTS","THEN","IS CHEETAH" 

03990 DATA "R1O","IR","IS MAMMAL","IS CARNIVORE", "HAS TAWNY COLOR" 

04000 DATA “HAS BLACK STRIPES","THEN","IS TIGER" 

04010 DATA "RII","IF","IS UNGÜLATE","HAS LONG NECK","HAS LONG LEGS" 
04020 DATA “HAS DARK SPOTS","THEN","IS GIRAFPE" 

04030 DATA "R12","IP","rs UNGULATE","HAS BLACK STRIPES","THEN"," IS ZEBRA" 
04040 DATA "RI3","IP","IS BIRD","DOES NOT РУ", “НАЗ LONG NECK" 

04050 DATA "15 BLACK AND WHITE",'"THEN","IS OSTRICH" 

04060 DATA "RI4","IF","IS BIRD","DOES NOT FLYU,"SWIMS","IS BLACK AND WHITE" 
04070 DATA — "THENU," I5 PENGUIN” 

04080 DATA "RIS"."IF',"IS BIRD", "FLIES WELL'","THEN","IS ALBATROSS" 

04090 DATA "STOP" 

04100 REM =- 
04110 REM SUBROUTINE LOADHYPOTHESES 

04120 REM INITIALIZES THE HYPOTHESIS ARRAY H$ WITH HYPOTHESIS DATA 
04130 НВ «0 

04140 ТЕ НВ « H9 THEN 4170 

04150 PRINT "OUT OF ROOM FOR HYPOTHESES” 

04160 STOP 

04170 REM READ NEXT HYPOTHESIS 

04180 HB = HS + 1 

04190 READ HS(HB) 

04200 ТЕ H$(H8) <> "STOP" THEN 4180 

04210 H8 = HE ~ J 

04220 RETURN 

04230 REM HYPOTHESIS DATA 

04240 DATA "IS ALBATROSS","IS PENGCUIN","IS OSTRICH","IS ZEMRA" 
04250 DATA "IS GIRAFFE","IS TIGER","j15 CHEETAH","STOP" 


04760 END 
| TIGER ZEBRA OSTRICH 


CHEETAH 


MAMMAL 


CARNIVORE 


Text continued from page 266: 
new ones. Moreover, by replacing 
these rules with rules for identifying, 
say, birds or flowers, you can use the 
same program for many other iden- 
tification tasks. А more practical ap- 
plication might be a set of rules for 
diagnosing what is at fault in a 
malfunctioning toilet or washing 
machine. 

The rules themselves appear in the 
DATA statements in lines 3880 
through 4080, Each rule has the form: 


<name> ЛЕ“, <a>, ...,<a>, 
"[HEN", «c», ..., c» 


For example, “Д7”, ТЕ”, 15 MAM- 
MAL","HAS HOOFS","THEN","IS 
UNGULATE'", The name of the rule 
can be any convenient string. The 
antecedents <a> and consequents 
<с> are strings that correspond to 
propositions about the animal and 
they may be true or false. If all the 
antecedents are found to be true, the 
program can use the rule to assert the 
truth of all the consequents. The rules 
are terminated by the string "STOP", 

In addition to the rules, the pro- 


ALBATROSS 


Figure 5: A sample network for a simple rule-based system. Boxes represent assertions, circles represent ways of combining asser- 
tions, and the labels R1, R2, etc, identify rules, The diagram corresponds to the rules given in lines 3880 through 4080 of listing 1 
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COMPUTER DEVICES 


AVAILABLE NOW ... SYSTEM 2800 FROM SYSTEMS GROUP 


е JEEE 5-100 Bus Compatible Systems, Z80A 


Based 


S-[I00 PRODUCTS 


НН L] 


[| LL 


QUALITY RAM FROM SYSTEMS GROUP 


ө 7-80 4MHZ operation with no wait states 

з (ЕЕЕ compatible timing - 200 NS 4118s 

е Factury assembled, tested & burned іп 
DMB£,400 L oam Select, shawn).....8749.00 
1046400 BAR REM 345.00 
DANKON 48К. .....4....»..»»--<»»»-е<<. „. 520.00 
D13200 32К. .....__ 495.01 


CONFICURE А COMPLETE 5-100 SYSTEM 
WITH 2nd GENERATION" PRODUCTS 
FROM SYSTEMS GROUP. 


з CPC 2810 (shown) 2-80A processor board 
14MI2) with 4 н к 2 parallel 
poris. cso ccnpen eene ——À $389.00 
s CPC9813 - same as СРСЎВ10 but 2 serial 
ports anly... ase eese S $345.00 
е FDC2RU]/À& - 8^ Nop рру etisk “controller 
board, up lo 4 single/double sided drives, 
single or double density. mr- ..... $340.00 
е [NO-28U4 - 4 channel serial ГО ..... 329.00 
e CRA-100 - Cromix* adaptor board... $55.00 


CALL US FOR OUR MOST 
CURRENT PRICES! 


"2nd Generation is а trademark of Measurement 
Syuem and Controls. Cromix В а trademark af 
Cromemco, lac. Tilt-Back is a trademark of 
Wabaxh, Inc. CP/M and MP/M are trademarks of 
Digital Research. OASIS is a trademark of Phase 
One 5yuems. 


е Two 8-inch Drives: Single o1 Double Sided, 
Double Density Floppy Disk Drives or 10MB 
Winchester Hard Disk Drive 


* 20MB Winchester and Tape Backup 
* 8-Slot Shiclded and Terminated Motherboard 


= Sysiem Software Selection includes CP/M*, 
MP/M® or OASIS** 


e Single-User or Multi-User Systems, 
Expandable to 6 Users 


FEATURES 


16K MEMORY 


EXPANSION кіт 924.00 


For Apple, TRS-80 keyboard, Exidy, and all 
other systems using 4116 dynamic rams or equi- 
valent. All IC*s are prime Mitsubishi МІ 4116-3, 
200 NSEC, burned-in and fully tested. 


B8" or $t" flexible dinkettes certified 100% 


error [ree with manufacturers 5 year limited 
warranty on all B" media. Soft seciored in Tilt- 
back* boxes of 10. 


(Add $3.00 far plastic library euses) 


B^ single sided, single demity..... — .... 820,45 
R^ single sided. dnuble density... 5... .. 37.05 
R” кне sided, double Isi 48. 05 
5! «" single sided. single density.. o. 27.95 
5147 single sided. donhle density ен 29.95 


Adds Viewpoint CRT....589.00 


8" DISK DRIVES 


Shugart 801R......... ————— $390.00 
NEC FD1160 (double xided)....,... ..... 505,00 
Memorex MRX-101 8" Winchester style, hard 

disk drive, 10 megabytes... «оо. 82,000.00 


TERMS: Minimum arder $15.00. Minimum 
viipping and handling $3.1). Calif, residents 
add 865 soli бал, Cash. cheeks. Mastercard. 
Visa and purchase orders from qualified firms 
and institutions are accepted, Product acailabili. 
ty and pricing are subject to change without 
nntice. 

INTERNATIONAL ORDERS: Add 15 to pur- 
rhaxe price far all orders. Minimum shipping 
rharge іх $20.00, Orders with inauffictent frs 
will be delayed. Excess funds will be returned 
with your arder, All prices are U.S, only, 


2812 CP/M, 2 Single Sided Floppies.......§3775.00 
2814 CP/M, 2 Double Sided Floppies...., 4425.00 
2819 CP/M, 1 10 MB Winchester Ж 

| Double Sided Floppy....... 6675.00 
2824 MP/M, 2 Double Sided Floppies.... 4 
2829 MP/M, | 10 MB Winchester & 

1 Doubled Sided Floppy... 7500.00 


* Table Тор or Rack Mountable 
* Two Switched AC Outlets on Rear Panel 
ә One Yeat Warranty on Entire System 


6502 PRODUCTS 


ар) 
i- wie 


e 


7, 4 mV ata а и а but 
эфааага б 


- 


акзекеартяттегтя 


nc \ т кй» 
3 : жү? 5 D а 
КММ! 


ё. p > pa 


BETA 32K BYTE EXPANDABLE НАМ FOR 
6502 AND 6300 SYSTEMS 
АМ 65 KIM SYM PET $44-BUS 
» Plug compatible with the AIM-63/8YM expan- 
sion connector by using a right angle connec- 
tor (supplied) 
в Memory board edge connector plugs into the 
6800 S44 hus. 
=  Connects to PET ming an adaptor cable. 
“ Шық +5V ору. supplied fram the hist com- 
puter. 
® Full documentation. Assembled and tested 
boards are guaranteed for one. full vear 
Purchase price ік fully refundahle if bourd is 
returned undamaged within 14 days. 
Asembled with 32K НАМ...................“мЗ.001 
& Tested ч“ИҺ18КНАМ................... 329.00 
Barc hoard, mununl & 6 hard-to-get pacts. 99.00 
PET interface kit. Connects the 32K RAM board 
laa 4K ar 8K PET... Leser rene GD.UO 


1930 Ш.СОЦІП? AVE. 


ORANGE, СЯ 99668 
(714) 635-7280 


gram uses а set of hypotheses, which 
appear in the DATA statements in 
lines 4240 through 4250. In this case, 
the hypotheses are that the animal is 
either an albatross, a penguin, an 
ostrich, a zebra, a giraffe, a tiger, or a 
cheetah, The goa! of the program is to 
establish the truth of one of these 
hypotheses. 

The program operates by trying the 
hypotheses one at a time. For each 
hypothesis, the program scans the list 
of rules to see if the hypothesis can be 
deduced. If so, the antecedents for the 
relevant rules become new sub- 
hypotheses to be established, and the 
program looks for rules For deducing 
these antecedents. The program 
chains backward through the rules 
until no deductions can be made, at 
which point the program asks the 
user if the subhypothesis it is working 
оп is true, 


The core subroutine that im- 
plements this strategy is called 
VERIFY (see lines 1210 through 


1830). VERIFY tries to determine if its 


argument F1$ is true. The argument 
F1$ represents a hypothesis or sub- 
hypothesis. If the truth of F1$ has 
already been recorded, "VERIFY 
returns immediately, If there are no 
rules for deducing Е1$, and if VERIFY 
has not asked the user about F1$ 
before, it asks. Otherwise, VERIFY 
applies TRYRULE+ to each of the 
rules in turn until it either meets with 
success or exhausts the rules, 

The only thing that complicates the 
coding of this simple strategy is that 
TRYRULE+ uses TESTIF + to see if 
all the antecedents for the rule are 
true, and TESTIF+ checks the 
antecedents by calling VERIFY. Thus, 
VERIFY is recursive, and BASIC does 
not support recursion. Therefore, all 
the reentrant subroutines must ex- 
plicitly save their local variables on 
push-down stacks before transferring 
control to ane another, restoring 
those values upon return. To see one 
reason why AI workers preter LISP, 
which takes care of all this bookkeep- 
ing automaticaly, you need only 


Listing 2: А sample run of the identification program shown in listing J, The program 
asks questions and makes deductions, when possible, based on the answers. The pro- 
gram always cites the rule used to таке a deduction. 


Hello. 

I will use шу 

EolLlowing 7 hypotheses: 
ANIMAL IS ALBATROSS 
ANIMAL IS PENGUIN 
ANIMAL 15 OSTRICH 
ANIMAL IS ZEBRA 
ANIMAL IS GIRAFFE 
ANIMAL IS TIGER 
ANIMAL IS CHEETAH 


15 rules со try to establish one of the 


Please answer my questions with Y (yes), N (no), or M (why), 


Is this true' ANIMAL HAS FEATHERS ?N 
Is this true: ANIMAL FLIES ?N 

Із this true: ANIMAL HAS HAIR 7¥ 
Rule Rl deduces ANIMAL IS MAMMAL 

Is this true: ANIMAL HAS HOOFS 7H 

Is this true: ANIMAL CHEWS CUD 78 

Is this true: ANIMAL EATS MEAT ТҮ 
Rule K5 deduces ANIMAL IS CARNIVORE 


Is this true. ANIMAL HAS TAWNY COLOR ?Y 


Is this true: ANIMAL HAS BLACK STRIPES TW 


І am trying to use Rule RIO 
1 already know that: 

ANIMAL 18 MAMMAL 

ANIMAL IS CARNIVORE 

ANIMAL HAS TAWNY COLOR 

IF: 

ANIMAL HAS HLACK STRIPES 
THEN. 

ANIMAL ES TIGER 


Is this Lrue: ANIMAL HAS BLACK STRIPES ?N 


Is thls true: ANIMAL HAS DARK SPOTS ?Ұ 


Rule R9 deduces ANIMAL IS CHEETAH 
1 conclude that ANIMAL IS CHERTAI. 
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glance at the simpler version of this 
same program in Winston and Horn's 
book. 

Pascal would be a better language 
than BASIC for our program because 
Pascal supports recursion and allows 
user-defined data structures (eg: using 
records and the type statement), as 
well as providing an easy-to- 
understand block structure, We chose 
to write this program in BASIC rather 
than Pascal because more personal 
computers have BASIC. (We hope 
our use of BASIC will not contribute 
to the perpetuation of this condition!) 

Listing 2 shows an example of the 
dialogue when the user was thinking 
of a cheetah, A look at the rules 
shows why the program asked the 
queslions it did. Working the first 
hypothesis (albatross), the program 
tried to use rule R15, which set up the 
subgoal of seeing if the animal was a 
bird. Rules R3 and R4 were relevant, 
so the program tried rule КЗ and 
asked if the animal had feathers. The 
program soon ruled out the possibili- 
ty of a bird, so it skipped the penguin 
and ostrich hypotheses. Working on 
rule R12 for the zebra hypothesis, on 
rule R11 for the ungulate sub- 
hypothesis, and on rule R1 for the 
mammal! sub-subhypothesis, the pro- 
gram successively established that the 
animal was a mammal, was not an 
ungulate, and was a carnivore called 
a cheetah. 

It is worth noting that the 
backward-chaining strategy is dif- 
ferent from the classical divide-and- 
conquer approach used in binary 
search. With four well-chosen ques- 
tions, it is possible to make the one- 
out-of-fifteen decision that required 
nine questions in this example, Before 
concluding that rule-based programs 
are hopelessly inefficient, you should 
note that the rules do make use of 
subclasses and sub-subclasses, much 
as is done in binary search. Thus, 
once it is learned that the animal is 
not a bird, for example, no more 
questions concerning birds will be 
asked. The main difference is that this 
particular program does not ask 
directly if the animal is a bird, but 
rather asks for primitive observatians 
that allow "birdness" to be deduced. 


The Text Solution for APPLE 11° 


Now APPLE ІІ9 Owners Can Solve Text Problems 
With VIDEOTERM 80 Column by 24 Line Video Display 
Utilizing 7 X 9 Dot Character Matrix 


Perhaps the most annoying shortcoming of the Apple tI" is its limitation of displaying only 40 columns by 24 lines of 
texi, all in uppercase. At last, Apple ІІ" owners have a reliable, trouble-tree answer to their text display problem, 
VIDEOTERM generates a full 80 columns by 24 lines of texl, In upper and lower case. Twice the number сі characters as 
the standard Apple 11" display. And by utilizing a 7 by 9 character matrix, lower case lellers have гие descenders. But 


VIDEOTERM 


VIDEOTERM, MANUAL, 
SWITCHPLATE 
VIDEOTERM lists BASIC programs, both Integer and Applesott, using Ihe entire BO 
columns Wihaul 501179 keywords. Full Co Wate eae are olfared using the 
ESCape kay sequences far cursor movameni. With provision for slopisian text 
стое ulilizing ite standard Controi-5 entry And simullaneous on-scroen display 
of teat being printed 


I^sialfallon o! VIDEOTERI in slol 3 provides Pascal immediate contral af the 
display since Pascal recognizes the board as a standard video display terminal and 
12215 И as Such Mo changes are naedeg то Pascal's MISC.INFO ог GOTOXY fias, 
aiihough customization diracHons are provided. АҢ cursor contro! characters are 
identical to &landard Pascal defaults. 


BASICS 


Pascal 


Dihar 


D The new Міптозо!! Sollcatd^ 13 supported. So |5 the popular D. C. Hayes Micro- 
nards 


matem it utilizing customized PROM firmware available гот VIDEX The power- 
МІ Easy Writer Profassional Word Processing System and other word processors 
are now compalibte wilh VIBEDTERM Or use the Mountain Hardware ВОМУУгИвт 
tor olhar PROM programmer) (o ganaraia your own custom character sets. Nalyral- 
ly. VIDEOTERM conforms (0 а! Apple OEM guidelines, assurance Ihat you will have 
по conflicts wih current pr future Apple И" expansion boards 


VIDEOTERM s on-goard asynchronous cryslal clock ensures Інскег-ітев character display. 
Only ihe aiza of (he Pascal Language card, VIDEOTERM utilizes CMOS and low power tan- 
sumpian ICs, ensuring cool, reliable operation, All ICs are fully socketed for easy 
mainianance Add to thal 2K of on-board RAM. 50 or 60 Нг operation, and arovision of power 
and inpul cannectors for а light pen Problems are designed oul, nol in 


The entire chsplay may бе altered lo inverse video, rmm black characters on a while 
peld PROMs containing alternate character sets and graphic symbols are available from 
Vides А swilchplate орһоп allows you lo use the same video monitar for either the 
МІПЕОТЕНМ or the siandard ^ уы i display, Instant y changing displays by flipping а 
single Loggia switch The switchplate assembly іпзегіз ино опа of the rear cul-auis in the 
Apple il^ case so ihal та toggle switch is readily accessible. And the Vidax KEYBOARD 
ENHANCER can be installad, allowing upper and lower case characler entry directly from 
your Apple 11*  kevoocard 


1K of on-board ROM lirmware controls all operation of the VIDEOTERM. No machine 
language patches are needed lor normal VIDEOTERM use 


Firmware Version 2.0 


Dimplay 24 x BO (luli descenders) 
1B x BO (7 я 12 males with full dascemiers) 
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Firmware 


7X12 MATRIX 
18X80 OPTIONAL 


Ға maser 

7х 12 malis орнап; 
Alternate user definable 
character set option: 
Inverse video option. 


Characlers 
Onitons 


Want 10 know more? Contact your іпса! Apple dealer today far a demonstration. VIDEOTERM ts avaliable 
rough your laca! dealer or direct from Vides in Corvallis, Oragon Or send fox the VIDEOTERM Owners 
Нв!етегсе Manyal and deduct Thé ameunl i! yao decide 10 purchase. Upgrade yaur Apple 1° ro full tarminal 
сара!!! ех for half (he cost of a termmal VIDEOTEBM Al tasi 


PRICE: + VIDEOTERM includes manual 5345 

7X9 MATRIX MWiter" "Ax a trademark ol Mouniain Нить іле Жата Z1 
24Х80 STAN DARD Micromodam ||" an a Hadermark пі D. C Мата: Asociados inc a MANUAL refund рч $ 19 
Sulesrd* 19 a trademark ої Micrpanil “ТхЭ2СНАНАСТЕЯ S $ 39 

Esayan p састы of нына Yahman бе жане Imc а MICROMODEM FIRMWARE % 25 


APPLE П® OWNERS! 


introducina the 


KEYBOARD & DISPLAY 
ENHANCER 


s PUT THE SHIFT AND SHIFT LOCK BACK WHERE IT BELONGS 
в SEE REAL UPPER AND lower CASE ON THE SCREEN 
* ACCESS ALL YOUR KEYBOARD ASCH CHARACTERS 


с 


JSAABIFELZIEX 


Videwu hae he perfect companion (my oor 
wed pease амен Ик KEYBOARD 
AND DISPLAY ENHANCER inal the 
enhancer i your APPLE ЇЇ and be турт in 
(емле саму jury? hhe a тураште} you want sn 
upper cape chatecter, use the SHIFT tary or the 
CTRL key Jur shit teach Noi сау that. bul you 
sev upper and или case on the screen аъ you 
wee Perfucthy companble wih Apple Wnter 
and other wand processors Ін: for example, 
Super Text 


И yau want 1o program in BASIC, just put it 
hack win the aloha lock mode. and you have 
the angina! keyboard back with a fw om 


Circle 390 on inquiry card. 


(tower Now уты can ente {иш che 9 

тасын» (чөсү Irem the keyboard c re 
quite the Contre! key Io be pressed with the 
RESET te perem accidental ен 


PRICE * KDE-700 (HEV. 7 or greater)... ... 
e KDE-000 (REV. 6 or із). ...--..- -4129. 


.3129. 


Apple |” a trademark ol Apple Computer. Inc 


KEYBOARD AND DISPLAY 
ENHANCER i recommended for use wath all 
revisions of the APPLE B. Нейл 6 ICs, and 
EPROM and dip switches mounted on а РС 
board, and а jumper cable Easy installation. 
mean no ^cldenng oc cuthag traces. Alter: 
now default modes are dip-switch selectable 
You can ever remap thi Ч, selecting an 
aliernale character set. ior cusiom applications. 
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To gain efficiency, you might want 
to change the program so it will ask 
{һе user about intermediate 
hypotheses, resorting to deduction 
only when the user gives a "don't 
know" response. This illustrates how 
the rule-based approach actually pro- 
vides great flexibility by separating 
the contro] strategy (as implemented 
in VERIFY) from the knowledge base 
(as represented by the rules). 

The rule-based identification 


system just described is at best a toy. 
Although this system illustrates the 
important principle of the separation 
of the rule base from the general- 


Тһе 05120 Terminal Controller makes your 1,436 


reasoning program, the system lacks 
many important features included in 
state-of-the-art research systems. 
Among the features present in most 
state-of-the-art knowledge-based 
systems, but lacking in our toy pro- 
gram, are the following: 


eimmediate propagation of in- 
ferences 

e negative inferences 

eplausible inference's ability to han- 
dle mutually exclusive categories 
econtextua] constraints 

edegrees of certainty in user's 
answers 


perform like a DECwriter" Ш. 


The Datasouth 05120 gives your DECwriter* I the high speed printing 
and versatile performance features of the DECwriter" Ш at onty a frac- 
tion of the cost. The 08120 is a plug compatible replacement for your 
ГАЗА logic board which can be installed in minutes. Standard features 


include: 
ғ 165 cps bidirectional printing 
“ Horizontal & Vertical Fabs 
е Pave Length Selection 
e 110-3800 baud operation 
• (ОХ? character print buffer 
e X-on. X-off protocol 
e Self Test 


• R5232 interface 

• 2} mA Current Loop interface 
е Top of Form 

е Adjustable Margins 

* Double wide characters 

* Parity selection 

* Optional APL character set 


Over 5,000 05120 units are now being used by customers ranging from 
the Fortune 500 to personal computing enthusiasts. In numerous instal- 
lations. entire networks of terminals have been upgraded to take advan- 


rage of today's higher speed datu 
communications services. LSI 
microprocessor electronics 
and strict quality control en- 
sure dependable performance 
for years to come. When ser- 
vice is required, we will 
respond promptly and effec- 
tively. Best of all, we can de- 
liver immediately through 

our nationwide network of 
distributors. Just give us a 

call for all the detaiis. 


data uin computer corporation 


4740 Dwigh! Evans Rond « Charloite, North Carolina 28210 « 704/523-8500 
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Circle 105 on Inquiry card. 


einformation volunteered by the user 
eflexible contro] structure 


But toys are fun, and are often ef- 
fective teachers. Enjoy. B 
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More than four decades of ri- 
ence in magnetic media— BASF 
invented magnetic recording 
tape, the forerunner of today's 
wide range of magnetic media, 
back in 1934, and was the first 
independent manufacturer of 
IBM-compatible floppy disks. 


— Hu 


Tough Tyvek sleeve —no paper 
dust, no static electricity. 


Special self-cleaning jacket and 

liner Вер eliminate data errors 

and media wear and tear. 
performance. 


Packaging to suit your 
requirements — standard flip-top 
box, Kassette 10% storage case, 
or bulk pack. 


Floppy Disks 
Circle 38 on Inquiry card. 


Center hole diameter punched to 
| more accurate standards than 
industry specifications, for top 


-—— — 5 


1004€ certification — every single 
disk is tested at thresholds 2-3 
times higher than system require- 
ments, to be 100% error-free. 


Mag Cards Cassettes Computer Tapes Disk Packs 


Bi-axially oriented polyester 
substrate — for uniform and reli- 
able performance year after year. 


"wr e ы 


| 


Cross-linked oxide coating— for 
low head wear and long trouble- 
free media life. 


rar e 


Total capability — one of two man- 
ufacturers in the world that 
“|! makes both 8” and 5.25" models, 
ws | has tape and disk experience, and 
manufactures floppy disk drives. 


Double lubrication — lubricants 
both in the formula and on the 
disk surface, to minimize media 
wear due to head friction. 


For the name of your nearest 
supplier, write BASF Systems, 
Crosby Drive, Bedford, 

МА 01730, or call 617-271-4030. 


Computer Peripherals 


Complies APPLESOFT* BASIC programs inta 
naive 6502 code, allowing programs іо run up to 
10 times faster. Handias graphics and shape 

tables. Requires 48K, aulostart ROM, language 
system and at least one drive. List Price $200 00 
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SPELLSTAR 

New! Option for Wordetar. Compares words n 
your text to its 20,000-word compressed 
dictionary Jumps back ta WordStar for carreciion 
al erras ог addition of new words to ihe 
tücilonary Pree mcludes update of registered 
2.» and earlier WordSlar (must send master diak). 
List Price 62640 00 

Microhouse Prica; $165.00/NA 


WORDSTAH 

Version 3.0! Now tealuring horizontal scrolling 
and coki moves, 

əз! Proce: 540500 

Microhouse Price: 5322.00/540.00 


WORDST AR for APPLE 
Lis! Розе 5375 00 
Microhouse Price: 5245.00/540.00 


WORDSTAR CUSTOMIZATION NOTES 
Package Includes manual and diskette 

Lm Prnce. $150.00 

Microhouse Price: $95.00/NÀ 


MAILMERGE 

Oplion for Wordstar 

Usi Prce. 518000 

Microhouse Рпсе: $110.00/840.00 


MAILMERGE for APPLE 
Lit Prine: $125.00 
Microhouse Price: $85.00/$25.00 


VISICALC for APPLE 
ListPrice 515000 
Microhouse Prica: $107,00/NA 


SUPERSORT | 
List Расе 525000 
Microhouse Price: $170.00/$40.00 


SUPERSORT ТІ 
Lal Ресе 520000 
Microhouse Price: $145.00/540.00 


SUPERSORT for APPLE 
ist Pace 5200 00 
Wicrohouse Price: $130.00/540.00 


DATASTAR 
List Price 5350 00 
Microhouss Price: $245.00/$40,00 


WORDMASTER 
List Price 5150.00 
Microhouse Price: $119,00/$40.00 


CALL OR WRITE FOR FREE CATALOG 


= Microhouse 


280 = September 1981 © BYTE Publications ше 


MICROSOFT BASIC BO 
Li! Proa 5350.00 
Microhousa Price: $273.00/$30.00 


MICROSOFT BASIC 80 COMPILER 
Language compauble wih MBASIC bul code runs 
10x faster 

list Prog. 6385 00 

Microhouse Price: $306.00/530.00 


MICROSOFT FORTRAN 80 

Gompller is ANS} "86 compatible excepi for 
COMPLEX) 

List Prce $500 00 

Micrahouse Price: $345.00/83D.D0 


muSIMP/muMATH by Microsoft 
ом Price 5250 00 
Microhouse Price: 5195.00/$25.00 


COBOL ВО by Microsoft 
Lis] Prce 575000 
Microhouse Price: $562.50/$30.00 


MACRO 80 by Microsoft 
Us! Pree: 520000 
Microhouse Price; $140.00/520.00 


EDIT BO by Microsoft 
им Price $12000 
Micrahouse Price: 584.00/520.00 


WHITESMITHS С 
Сы Price $630 00 
Microhouwse Price: CALL/830.00 


TINY C Interpreter 
Lint Price: $100 00 
Microhouse Price: 579.00/550.00 


TINY C Compiler 
lus! Price: £25000 
Microhouse Price: §195.00/850.00 


SPELLGUARD 

Fast sland-aione program works with nearly плу 
CP/M" word processor 

им Prize 520500 

Microhouse Price; $230.00/525.00 


STACKWORKS FORTH 

For ZBO or BOBO (sperity) 

Lia] Price $1758 00 

Micrphoussa Price $160.00/$30.08 


WHITESMITHS PASCAL 
includes Whitesmilha С Compiler 
List Price 5950 00 

Microhouse Price: CALL/$45.00 
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CALL FOR LOW PRICES ОН IMS Series 5000 and 
8000 Compulars 


C ITOH STARWRITER I 

Letier-quality prinler uses Diablo plastic 
prinmwheels and ribbons 25 cps bidirecuonat, 
logic-seeking Parallel Interface 

List Pore $1895 00 

Microhouse Price: 51431.00 


C ITOH STARWRITER 1 [Serial) 
Lst Price 51960.00 
Mícrohouse Prica; $1502.00 


DIABLO 530 

Letler-qualily printer uses plastic and metal 
nüntwheels 40 ops. bidirectiónnl, togic-seeking 
Ср! кита! tractor S225 

st Price $2779.00 

Microhouse Price; $1999.00 


EPSON MX7O 

includes GRAFTRAA I| dot-addressatle graphics 
Monodirectianal 80 cps. Adjustable tractor 
Parallel onby 

List Роса’ $450.06 

Microhouse Prica: 5378.00 


EPSON МХВО 

Removable print head, bidirecbonal, lagin- 
seeking. adjustable Гас], parallel mterince 
Easily converted to 95232, IEEE 486, Apple or 
АТАН! CALL FOR INFORMATION ON THE NEW 
GRAPHICS ROM PACK! 

ListPrice: 564500 

Microhouse Price: $479.00 


EPSON MX-80 FT 

Friction AND Iracior leed varsion of tha MX-&D, 
Ратів) intertace included 

им Price. 5745 00 

Місгеһоиче Prices; $569.00 


TELEVIDEO 310 Terminal 
List Рнсе’ $6.00 
Microhouse Price: $595.00 


TELEVIDEO 950 
List Реса 5119500 
Microhouse Price: 5995.00 


CALL OR WRITE FOR FREE CATALOG 


PRICES AND SPECIFICATIONS SUBJECT TO 
CHANGE WITHOUT NOTICE 


Soítware Мали 
$ Manual Only 
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ASK ABOUT THE NEW Taleyideo COMPUTER 
SYSTEMS 


IDS PAPER TIGER 5606 
Lis! Price $1885 00 
Microhouse Price: $1464.00 


VIDEX VIDEOTERM SPECIAL! 

Carned over by popular demand, Converts your 
Apple screen ta 80x24 upper and lower case 
Purchase VIDEOTERM with WordStar and sava? 
it purchased separalely- 5280. 

List Pree. $315.00 

Microhouse Price: $270.00 


MORROW DISCUS 26 

B inch aingte-sided double-densily Iappy disk 
Orwe 5ubsyetem, Includes CP/M* and MBASIC. 
ыы Price $1193 00 

Microhouse Price: $995.00 


MORROW HARD DISK SUBSYSTEM 
10 Megabyte. Includes 5-100 controller card, 
CP/M", and enclosure 

Lia! Prica 5369500 

Microhouse Расе: 53062,00 


MICROSOFT APPLE SOFTCARD 

Purchase tha soltcard with MicroPro's WordStar 
and save 570! Converts your Apple П or |i plug to 
а CP/M* system, includes MBASIC! Price 
purchased separately; $295. 

List Proce S349 00 

Microhouse Price: $279.00 


TCS/Atlanta INTERACTIVE 


ACCOUNTING SYSTEM 

for small businesses. Ver 5.0. Each package can 
be used alone бг pos! automatically 10 the 
General Ledger. Compiled version (no suppor 
language пвесіео). Price listed is per package. 
Genernlladger, Accounts Receivable, Accounts 
Payable, and Payroll packages available. Call for 
detalls on new Order Entry 5 Invenlorypackages. 
ALSO AVAILABLE FOR APPLE Il. Also available in 
source. 

Lis! Price. Compare at 5530 

Microhouge Price: 879.00/$25.00 


ALL FOUR TCS PACKAGES (compiled) 
List Ponce: Compare at $530/pkg 
Microhouse Price; $269.00/$80.00 


СРАМ i5 a registered Iridemark of бера) Research 
UNIX ма а rirgistered Iredemark of Sall Lates 

APPLE із a registered trademark of Apple Computers 
ТН х а registered Irademark оі Tandy Corp 


SHIPPING: Add $5 per manual ar &oltware package 
Add $2.50 lor COD orders, Call for shipping charges 
on other items Pennsylyama rasidunts add 6 per cant 
sales lax. 
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Buying new software is the pits, 
isn't it? 

You read an ad and it sounds 
terrific, so you ask around, then buy 
the manual. 

So far, so good—so you spring 
several hundred dollars for the 
package. 

And it does exactly what they 
said. But to get exactly what you 
want, you'regoing to have to change 
the way you run your business. Or 
go through so much hassle that 
youre not sure it's worth it. 

So you grit your teeth and suffer, 
or put it on a shelf to gather dust. 

Sounds familiar, doesn't it? 

But there is at least one known 
exception: an exceptional DBMS 
called dBASE П. 


For database fans, an offer 
you shouldn’t refuse. 


dBASE П is the only high- 
performance relational Database 
Management System for micros. 
And it's the only DBMS that can 
help you get the DBMS that's right 
for you, no matter which DBMS 
you mav want, Here's how: 

If you have a 48k micro with 
CP/M, send us its model number 
and the size of your drives along 
with $700 (CP/M 86 version soon — 
call if you can't wait). 

We'll send you a copy of dBASETI 
that you can run on your system, 
solving your problems your way, 
for 30 days. Then just send every- 
thing back and we'll return your 
money, no questions asked. 

During that 30 days, you can find 
out how much a real database 
management system can do for you. 
How it will affect your operations. 
Exactly what you want done. And 
precisely how you want to do it. 

Then even if you go for some 
other system, you'll be an informed 
buyer. 

And it never hurts to know what 
you're doing. 
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IBM just caught up. 


50 can you. 


With dBASE II, you'll get the 
same kind of system for your micro 
that IBM introduced a few months 
ago Юг their mainframes. 

It's a relational DBMS, and that 
makes it different from any other 
micro system you've ever seen. 

In a relational database, the data 
is organized as simple tables, with 
records as the rows and the data 
fields as the columns, much like your 
data is organized now. Data rela- 
tions are logical, so that you can 
zero in on the specific information 
you want without knowing a thing 
about the pre-defined sets, pointers 
or other cumbersome structures of 
hierarchal and network DBMS's. 

And unlike file management 
systems, dBASE II gives you pro- 
gram and data independence, You 
can change your database structure 
without re-entering your data and 
without reprogramming, or change 
some or all of your programs with- 
out touching your database. And 
the same database can be used for 


any number of different applications. 


dBASE П is a stand-alone 
applications development 
system. 


You don't need an extra support 
language, because dBASE II comes 
with its own Applications Devel- 
opment Language (ADL). With ADL, 
you can use simple English-like 
statements to manipulate your data, 
or use built-in structured constructs 
to prepare sophisticated applica- 
tions packages. It’s simple and easy 
to use, yet extremely powerful. 

You create a new database and 
start using it in a minute or less. 
Just type CREATE, then respond to 
system prompts to name the file and 


define the Fields. Now enter the data. 


Add data to an existing database 
instantly, whether your file has 
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10 records or 10,000 records, by 
typing APPEND, then entering the 
information. 

UPDATE, MODIFY, JOIN and 
REPLACE whole databases or 
individual records and characters. 

Add or delete fields in your data- 
base structure without re-entering 
all your data. 

And with dBASE II, it's easy to 
get information out once you've put 
the data in. 

Do automatic calculations on 
fields, records and databases with a 
few keystrokes. 

Organize months' worth of data 
in minutes with REPORT (printing 
optional), and get your reports 
today instead of tomorrow. Use 
the built-in SORT, with single or 
multiple keys. Or INDEX your 
data, then FIND it in seconds, even 
with floppies. 

You can use dBASE II inter- 
actively or store a sequence of com- 
mands to automate your accounting, 
billing, mailing lists or whatever 
data you have to manage. 


You'll wonder how you 
managed without it. 


dBASE II is the most powerful, 
easiest to use DBMS you can get for 
a micro. 

And instead of poring over the 
manual, you can run it hands-on, 
in-house to see exactly what it can 
do for you. Try it. 

What have you got to lose? We 
even provide the label so you can 
send it back. 

Ashton-late, 3600 Wilshire Blvd., 
Suite 1510, Los Angeles, СА 90010. 
(213) 666-4409. 
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The Atari Tutorial 


Part 1: The Display List 


Chris Crawford 
1272 Borregas Áve 
Sunnyvale CA 94086 


Editor's Note: Although I have always considered myself an "Apple person" 
(1 have a disk-based Apple II at home), it was exciting to attend a two-day 
seminar for prospective Atari programmers given by Chris Crawford, Lane 
Winner, and Mike Ekberg, all of Atari Inc. Once I learned about the inter- 
nal structure of the Atari 400 апа 800 computers, I realized the tremendous 
potential these machines have. 

We at BYTE are proud to present "The Atari Tutorial," a series of articles 
| written by members of the Atari staff. The subjects include: the display list, 
graphics indirection and character sets, player-missile graphics, display-list 
interrupts, scrolling, and Atari BASIC. This series of articles is adapted 
from De Re Atari, a forthcoming book on the internal structure of Atari 
computers, to be published in December 1981 by Atari Inc. 

This first article, which is on display lists, is by Chris Crawford, who 
with Lane Winner coauthored the article "An Introduction to Atari 
Graphics, " which we published in the January 1981 BYTE, page 18. "The 
Atari Tutorial" will cover in greater detail many of the interesting points 
only mentioned іп the first article. We hope you enjoy the series... GW 


The Atari personal-computer 
system is a second-generation per- 
sonal computer. First and foremost, it 
is a consumer computer. The entire 
thrust of its design is to make the con- 
sumer comfortable with the com- 
puter, This consumer orientation 
reveals itself in many ways. First, the 
consumer is protected from mistakes 
by items such as keystone-shaped 
connectors that cannot be inserted the 
wrong way, a power interlock that 
turns the computer off when internal 
electronics are exposed, and a pair of 
plastic shields protecting the system 
reset key. Second, the machine has a 
ereat deal of graphics power; people 
generally respond to pictures much 
more readily than to text, Third, the 
machine has good sound capabilities; 


again, people normally respond to 


This article appears m slightly different form 
ін De Re Atari, a book published by Atari Inc, 
and is reproduced with its express permission. 
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direct sensory input better than to in- 
direct textual messages. Finally, the 
computer has joysticks and paddles 
for more direct tactile input than is 
possible with keyboards. The point is 
not that the Atari personal-computer 
system has a lot of features, but 
rather that the features are all part of 
a consistent design philosophy aimed 
at the consumer. The designer who 
does not appreciate this fundamental 
fact will be working against the grain 
of the system. 

The internal layout of the Atari 400 
and 800 computers (which are elec- 
trically equivalent to each other) is 
very different from that of other 
systems. They do have a micro- 
processor (а 6502), RAM (random- 
access read/wrile memory), ROM 
(read-only memory), and a PIA 
(peripheral interface adapter). 
However, they also have three 
special-purpose LSI (large-scale in- 
tegration) devices known as ANTIC, 


POKEY, and CTIA. These devices 
were designed by Atari engineers 
primarily to take much of the burden 
of housekeeping from the 6502, free- 
ing the 6502 to concentrate on com- 
putations. While they were at it, they 
designed a great deal of power into 
these devices. Each is almost as big (in 
terms of silicon area) as a 6502, so the 
three of them together provide a 
tremendous amount of power. 
Mastering the Atari 400/800 is 
primarily a matter of mastering these 
three chips, a task we hope will be 
aided by this series of tutorial articles. 


Principles of Television Display 

In order to understand the graphics 
capabilities of the Atari personal- 
computer system, you must first 
understand the rudiments of how a 
television set works. Television sets 
use a raster-scan display system. Ап 
electron beam is generated at the rear 
of the television tube and shot toward 
the screen. Álong the way, it passes 
between sets of horizontal and ver- 
tical coils or plates that, if energized, 
can deflect the beam to make it strike 
any point on the screen. The elec- 
tronics inside the television set cause 
the beam to sweep across the screen 
in a regular fashion. The beam’s in- 
tensity can be controlled: if you make 
the beam mare intense, the spot being 
struck on the screen glows brightly; if 
you make it less intense, the spot 
glows dimly or not at all. 

The beam starts at the top left cor- 
ner of the screen and traces horizon- 
tally across the screen. As it sweeps 
across the screen, the changes in in- 
tensity paint an image on the screen. 
When the beam reaches the right edge 
of the screen, it is turned off, brought 
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back to the left side of the screen, and 
moved down a notch. It then turns 
back on and sweeps across the screen 
again. This process is repeated for 262 
sweeps across the screen. (There ac- 
tually are 525 sweeps across the 
screen in an alternating system 
known as interlace. 1 will ignore in- 
terlace and act as if the television has 
only 262 lines.) These 262 lines fill the 
screen from top to bottom, At the 
bottom of the screen (after the 262nd 
line is drawn), the electron beam is 
turned off and returned to the upper 
left corner of the screen. Then it starts 
the cycle over again. This entire cycle 
happens sixty times a second. 

Now for some jargon: a single trace 
of the beam across the screen is called 
a horizontal scan line. А horizontal 
scan line is the fundamental unit of 
measurement of vertical distance on 
the screen. You state the height of an 
image by specifying the number of 
horizontal scan lines it spans. The 
period during which the beam returns 
from the right edge to the left edge is 


INFOSOFT Has a Better Way 


called the horizontal blank. The 
period during which the beam returns 
from the bottom to the top of the 
screen is called the vertical blank. The 
entire process of drawing a screen 
takes 16,684 ys. The vertical-blank 
period is about 1400 as. Тһе horizon- 
tal blank takes 14 ys, while a single 
horizontal scan line takes 64 ys. 
Most television sets are designed 
with overscan; they spread the image 
out so the edges of the picture are off 
the edge of the television tube, This 
guarantees that you have no unsight- 
ly borders in your picture. It is very 
bad for computers, though, because 
screen information that is off the edge 
of the picture does you no good. For 
this reason, the picture the computer 
puts out must be somewhat smaller 
than what the television can 
theoretically display. For this reason, 
only 192 horizontal scan lines are 
normally used by the Atari display. 
Thus, the normal limit of resolution 
of a television set used with the Atari 
400/800 is 192 pixels (or picture 
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elements) vertically. (Of course, a 
color monitor can do much better 
than that.) 

The standard unit of horizontal 
distance is the color clock. You 
specify the width of an image by 
stating how many color clocks wide it 
is, There are 228 color clocks іп a 
single horizontal scan line, with a 
maximum of 176 actually visible. 
Thus, the ultimate limit for Full color 
horizontal resolution with a standard 
color television is 176 pixels. With the 
computer, you can go even finer and 
control individual half-clocks. This 
gives a horizontal resolution of 352 
pixels. However, use of this feature 
produces interesting color effects 
known as color artifacts. Color ar- 
tifacts can be a nuisance if they are 
not desired; they can be a boon to the 
programmer who desires additional 
color and is not fazed by their restric- 
tions. 


Microcomputer Displays 

The fundamental problem апу 
microcomputer has in using a raster- 
scan television for display purposes is 
that the television display is a 
dynamic process. Because of this, the 
television does not remember the im- 
аре. Consequently, the computer 
must remember the screen image and 
constantly send a signal to the televi- 
sion telling it what to display. This 
process of sending information to the 
television is a continuous process re- 
quiring full-time attention. For this 
reason, most microcomputers have 
special hardware circuits that handle 
the television. The basic arrangement 
is the same on virtually all systems: 


microprocessor — screen RAM — 
video hardware — TV screen 


The microprocessor writes infor- 
mation to the screen RAM area that 
holds the screen data. The video 
hardware is constantly accessing this 
RAM area, getting screen data and 
converting them into television 
signals. These signals go to the televi- 
sion, which then displays the infor- 
mation, The screen memory is 
mapped onto the screen in the same 
order in which it is stored. That is, 
the first byte in the screen memory 
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maps to the top left corner of the 
screen, the second byte maps one 
position to the right, then the third, 
the fourth, and so оп te the last byte 
that is mapped to the lower right cor- 
ner of the screen, 

The quality of the image that gets 
to the screen depends on two factors: 
how sophisticated the video hard- 
ware is, and how much screen 
memory is used. The simplest ar- 
rangement is used by the Radio Shack 
TRS-80 and the Commodore PET. 
These machines allocate a specific 
1 Kbytes of RAM as screen memory. 
The video-hardware circuits simply 
pull data out of this area, interpret 
them as characters (using a character 
set in ROM), and put the resulting 
characters on the screen, Each byte 
represents one character, allowing a 
choice of 256 different characters in 
the character set. With 1 K bytes of 
screen RAM, 1024 characters can be 
displayed on the screen. There isn't 
much that can be done to modify this 
arrangement. 

The Apple il, from Apple Com- 
puter Inc, uses more advanced video 
hardware. Three graphics modes are 
provided: text, low-resolution (lo-res) 
graphics, and high-resolution (hi-res) 
graphics. The text graphics mode 
operates much аз the PET and 
TRS-80 displays operate, In the low- 
resolution graphics mode, the video 
hardware reaches into screen memory 
and interprets it differently. Instead 
of interpreting each byte as a 
character, each byte is interpreted as 
two blocks of color. The value of 
each block (4 bits) specifies the color 
of a single pixel, In the high- 
resolution graphics mode, each bit in 
screen memory is mapped to a single 
pixel. If the bit is on, the pixel gets 
color in it; if the bit is off, the pixel 
stays dark. The situation is com- 
plicated by а variety of design 
nuances in the Apple, but that is the 
basic idea. 

The important point is that the Ap- 
ple has three display mades—three 
completely different ways of inter- 
preting the data in screen memory. 
The Apple video hardware is in- 
telligent enough to interpret a screen- 
memory byte as either ап &-bit 


character (text mode), two 4-bit color 
nybbles (low-resolution mode), or 7 
individual bits for a bit map (high- 
resolution mode). 


Atari 400/800 Display List 

The Atari 400/800 display-list 
system represents a generalization of 
these systems. Where the PET and 
TRS-80 have one mode and the Apple 
has three modes, the Atari 400/800 
has Fourteen modes. А second impor- 
tant difference is that Atari 400/800 
display modes can be mixed on the 
screen. You are not restricted to a 
choice between a screen full of text or 
a screen full of graphics. Any collec- 
tion of the fourteen Atari graphics 
modes сап be displayed on the screen 
simultaneously. The third important 
difference is that the Atari 400/800 
screen RAM can be located anywhere 
in the address space of the computer 
and moved around while the program 
is running, whereas the other 
machines use fixed-screen memory 
areas. 

This generality is made possible by 
a video microprocessor called AN- 
TIC. Where earlier systems used 
rather simple video circuitry, Atari 
designed a full-scale microprocessor 
just to handle the intricacies of the 
television display. ANTIC is a true 
microprocessor —it has an instruction 
set, a program, and data. The pro- 
gram for ANTIC is called the display 
list. The display list specifies three 
things: where the screen data can be 
found, what display modes to use to 
interpret the screen dala, and what 
special display options (if any) should 
be implernented. 

When using the display list, it is im- 
portant to shed the old view of a 
screen as a homogeneous image in a 
single mode and see it instead as a 
stack of mode lines. А mode line is a 
collection of horizontal scan lines. It 
stretches horizontally all the way 
across the screen. An Atari graphics 2 
mode line is 16 horizontal scan lines 
high, while a graphics 7 mode line is 
only 2 scan lines high. Many graphics 
modes available from BASIC are 
homogeneous; an entire screen of a 
single mode is set up. But you must 
not limit your imagination to this pat- 


Everybody's making money 
selling microcomputers. 
Somebody's going to make money 


servicing them. 


New NRI Home-Study Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and Small Business Computers 


Seems like time you turn around, some- 
body comes along with a new computer for home or 
business use. And what's made it all possible is the 
amazing microprocessor, the tiny little chip that's 
a сатршег in itself. 

Using this new lechnology, the 
is offering compact, affordable computers 
that handle things like payrolls, billing, 
inventory, and other jobs tor businesses of 
every size... perform household functions 
including budgeting, environmental sys- 
tems control, indexing recipes. And thousands 
of hobbyists are already owners, experiment- 
ing and developing their own programs. 

Growing Demand 
for Computer Technicians 

This is only one of the growth factors influenc- 
ing the increasing opportunities for qualified com- 
puter technicians. The 0.5. Department of Labor 
projects aver 100% increase in job openings for the 
decade Ihrough 1985. Most of them rete jobs created 
by the expanding world of the computer. 

Learn at Home 
in Your Spare Time 

NRI can train you for this exciting, rewarding 
field. Train you at home to service nol only mi- 


You get plenty 


crocomputers, but word processors and dala lermi- А 
nals, too. Train you at your forent. with clearly d doses Dico E 
ч p t eveni iscove € 
quam a орон Мы арб that also comes as part who can interface with the operational, program- 


weekends, without going to classes or quitting your 
ob 


t job. 

Your training is built around the latest model 
of the world's most popular computer. It's the amaz- 
ing TRS-80™ Model 11, with capabilities and 
features to perform a hosi of personal and busi- 
ness functions. No other small computer has 
so much software available for it, no other is used 
and relied on by so many people. And it's yours 
to keep for personal or business use, 


' 
- 
tere 


ге. 13 т 


ilL. 


of your course, you build and study circuits ranging 
from the simplest to the most advanced. You analyze 
and troubleshoot using the professional Beckman 
LCD digital multimeter you keep to use later in your 
work. Then you use the lab and meter to actually 
access the interior of your computer. ..build special 
circuits and write programs to control them. You 
"see" your computer at work and demonstrate its 
power. 


and application of compulers to 
business and personal jobs, You're 
trained to become the ful 

rounded, new breed of technician 


ming, and service facets of today's computers. You're 
ready to take your place in the new electronic age. 
Other Opportunities 

NRI has been giving ambitious people new 
electronic skills since 1914. Today's offerings also 
Include TV/Audio/Yideo Systems servicing with 
training on our exclusive computer-programmable 
25" diagonal color TV... Communications Elec- 
tronics for servicing and installing microwave, 


Become the broadcast, СВ, radar, etc. ..and other state-of-the- 
- Complete Computer Person art courses. 
of the Radio Shack You're also trained in writing and debugging Free Catalog. .. Mail Card 
both BASIC and advanced machine language pro- 
division of Tandy Corp.) No Salesman Will Call 
grams.., gain hands-on experience in the operation Send the postage-paid card for our 100-page 


calalog showing all courses with equipment and 
complete lesson plans. There's no obligation other 
than ta yoursell See how NRI can help you grow 
with the most exciting and important new field of 


the 80's. If card has been removed, please write 10 us. 


NRI SCHOOLS 
McGraw-Hill Continuing 
i^i : Education Center 
J 


3939 Wisconsin Ave. 
p | |f Washington, De 20016 


We'll give yon tomorrow. 
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Atari Color 
Register Used 


Value of Bit Palr 
Binary 


Decimal 


COLBAK 
COLPFO 
COLPF1 

COLPF2 


Table 1: Atari color-register assign- 
ment in four-color map mode. 


tern; with the display list, you can 
create any sequence of mode lines 
down the screen. The display list is a 


Auto-Cat'M lets your computer 
terminal answer other terminals 
over the phone line automatically. 


It's the deluxe way, for 
example, to receive a program 
from a friendly cornputer. Or take 
data from any of the information 
sources, Then store the informa- 
tion in your computer's memory— 
and have it there at your beck and 
call—all automatically. 


Auto-Cat is a state-of-the-art 
originate/auto answer, all digital, 
crystal controlled unit with every- 
thing in one compact package. 

It sits right under your phone. 


collection of code bytes that specify 


that sequence. 


ANTIC's Instruction Set 

ANTIC's instruction set is rather 
simple. There are four classes of in- 
structions: map-mode instructions, 
character-mode instructions, blank- 
line instructions, and jump instruc- 
tions. Map-mode instructions cause 
ANTIC to display a mode line with 
simple colored pixels (no characters). 
Character-mode instructions cause 
ANTIC to display a mode line with 
characters in it, Blank-line instruc- 


It’s FCC approved for direct 
telephone line connection. You 
just take it home and plug it in. 


Cost? Less than any other 
comparable modem. Under $250. 
And it’s from Novation, The 
recognized leader in personal 

communications. 


Auto-Cat” 


Call for details: 


(800) 423-5410 


In California (213) 996-5060 


Available at Avnet Electronics, Hamilion Electro, Hamillon Avnet, Kierulff Electronics, Byte Shops, 
Campurerland, and your local computer store, 


Novation, Ine., 18664 Oxnard Street, Tarzana, California 91356 


290 серезімг 1981 © BYTE Publications {пг 


Со! 258 on inquiry card. 


tions cause АМПС to display а 
number of horizontal scan lines with 
a solid background color. Jump in- 
structions are analogous to a 6502 
JMP instruction; they reload 
ANTIC's program counter with a 
new value. There are also four special 
options that can sometimes be 
specified by setting a designated bit in 
the ANTIC instruction. These op- 
tions are: display-list interrupt (DLI), 
load-memory scan (LMS), vertical 
scroll, and horizontal scroll, 

Map-mode instructions cause AN- 
TIC to display a mode line containing 
pixels with solid color in them. The 
color that is displayed comes from a 
color register. The choice of color 
register is specified by the value of the 
screen data. In four-color map modes 
(BASIC modes 3, 5, and 7, and AN- 
TIC modes hexadecima! 8, A, D, and 
E), a pair of bits is required to specity 
a color register; these values are given 
in table 1. [Unfortunately, the 
graphics mode numbers in BASIC do 
not correspond to the mode numbers 
used by ANTIC: this often causes 
confusion. ...GW] 


Since only 2 bits are needed to 
specify one pixel, four pixels are en- 
coded in each screen-data byte. For 
example, a byte of screen data con- 
taining the hexadecimal value 1B 
would display four pixels; the first 
would be the background, the second 
would be color register 0, the third 
would be color register 1, and the 
fourth would be color register 2: 


hexadecimal 1B 
— binary 00011011 
- QO 01 10 11 


In two-color map modes (BASIC 
modes 4, 6, and 8, and ANTIC modes 
hexadecimal 9, B, C, and F), each bit 
specifies one of two color registers, A 
bit value of 0 selects background col- 
or for the pixel; a bit value of 1 selects 
color register O for the pixel. Eight 
pixels can be stored in one screen- 
data byte. 

There are eight different map- 
display modes, They differ in the 
number of colors they display (two 
colors versus four colors), the vertical 
size one mode line occupies (1, 2, 4, 
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CompuServe is 
a lot more than 
fun and games 
and news. 


Although we're probably best 
known for our consumer-oriented 
services, CompuServe maintains 
powerful services for the serious 
computer user. CompuServe has 
helped some of the nation’s largest 
companies and financial institu- 
tions through a wide range of 
businass and scientific-oriented 
computer programs. With our 
Information Service, we can extend 
this expertise to you. Here are 
some of the programs available 

to the personal computer user 
through the CompuServe 
Information Service: 


PASCAL: DEC User Group 
version of this famous language. 
XF4: Extended CompuServe 
Fortran compiler. 

MACRO: Advanced Macro 
Assembly language for PDP-10. 
Talk about fast. 

FILGE: Fast, easy file generator 
and editor. Line oriented, no line 
numbers required! 

XBASIC: CompuServe extended 
BASIC. 


JUMBLE: File encryption program. 


TECO: High level text editor. 


CompuS erve 


LINK: Linking loader program. 
DDT: Dynamic debugging tool. 
CREF: Symbolic cross-referance 
generator used with language 
compilers. 

FILCOM: File comparison 
program. 

SALARY: Calculates salary and 
increases in various time frames 
including per year, month, period 
and hour. This program is intended 
primarily for managers doing 
reviews. 

SNOBOL: String manipulation 
language. 

RUNF10: Word processing and 
text formatting program (write 
resumes etc.). 

CONCOR: Concordance 
generator. This program is very 


useful for documentation purposes, 


CONCOR reads an ASCII file and 
creates an output file which con- 
tains a line numbered listing of 
the original file, and a list of all the 
words contained in the file along 
with the numbers of the lines on 
which each word occurs (similar 
to an index). 

BLIS10: High level implemen- 
tation language for DEC PDP-10. 
BINED: Binary file editor. 

APL: A Programming Language. 


Information Service Division 
5000 Arlington Centre Boulevard 
Columbus, Ohio 43220 

(614) 457-8600 


FINTOL: Financial analysis tool. 
Contains several program modules 
which can perform financial analy- 
sis for business or personal needs. 
—Loan Payment and Amortization 
— Compound Interest Calculations 
— Sum from a Periodic Investment 
— Sinking Fund Deposit 
—Present Value of Cash Flows 
—Present Value and Interna! Rate 
of Return (Capital Projects) 
— Depreciation Analysis 
— Compound Growth Rates 
RANNO: Random number 
generator. 
XEDIT: XF4 binary file editor. 


We also offer high speed 
professional line printer service, 
error-free file transfer, 
CompuServe's Software 
Exchange, and computer 
manufacturers' newsletters. 
Computer Users Groups can 
exchange information and 
up-to-the-minute gossip in the 
computer world. 


Апа... Aunt Matilda comes 
over, you can still let her play 
Adventure. Demonstrations and 
software at а! Radio Shack* 
Computer Centers and many 
Radio Shack? outlets. 


Radio Shack is a trademark of Tandy Corporation. 


BASIC 
Mode 


Number of 
Colors 
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2 
3 
4 
5 
6 
ri 
8 
9 
А 
В 
С 
D 
E 
F 


Scan Lines Per 
Mode Line 


Bytes Per 
Line 


Bytes Per 
Screen 


Pixels Per 
Mode Line 


Table 2: Atari graphics modes and their characteristics. Nate that the same graphics 
mode is given a different number by BASIC and by ANTIC. The ANTIC mode 
number refers to one mode line of a given kind of graphics, while the BASIC mode 
number refers to a certain arrangement of made lines (most or all of which are the 
given kind of graphics) that defines an entire screen of video display. 


or 8 scan lines), and the number of 
pixels that fit horizontally into one 
mode line (40, 80, 160, or 320). Thus, 
some map modes give better resolu- 
tion; these will require more screen 
memory. Table 2 presents this infor- 
mation for all modes. 
Character-mode instructions cause 
ANTIC to display a mode line with 
characters in it. Each byte in screen 
RAM specifies one character. There 
are six character-display modes. 
Character displays will be discussed 
in a future BYTE article in this series. 
Blank-line instructions produce 
"blank" lines consisting of only а 


2-80 
5-100 


DATA ПЕ АГ — № 


MICROPROCESSOR INTERFACE 


ВОО {а DAES) Ж 


solid background color. There are 
eight blank-line instructions; they 
specify skipping one through eight 
blank lines. 

lhere are two jump instructions. 
The first (JMP) is a direct jump; it 
reloads ANTIC's program counter 
with a new address that follows the 
JMP instruction as an operand. Its 
only function is to provide a solution 
to a tricky problem, ANTIC's pro- 
gram counter is only 10 bits wide. 
Thus, it cannot cross a 1 K-byte 
boundary. If the display list must 
cross a 1 K-byte boundary, it must 
use a JMP instruction to hop over the 


| IMSTRUMENT (BCO OUT) 


boundary. This means that display 
lists are not fully relocatable. 

The second jump instruction (ТУВ) 
is more commonly used. It reloads 
the program counter with the value in 
the operand and waits for the televi- 
sion to perform a vertical blank. This 
instruction is normally used to end a 
display list by jumping to the top of 
the display list, Jumping to the top 
turns it into an infinite loop; ANTIC 
waits for vertical blank to insure that 
the infinite loop is synchronized to 
the display cycle of the television. 
Both JMP and JVB are 3-byte instruc- 
tions; the first byte is the operation 
code (JMP or JVB), the second and 
third bytes are the address to jump to 
(low byte, then high byte). 

The four special options mentioned 
previously will be discussed in future 
articles in this series. However, the 
load-memory scan option must have 
a preliminary explanation, This op- 
tion is selected by setting bit 6 of a 
map-mode or a character-mode in- 
struction byte, When ANTIC en- 
counters such an instruction, it will 
load its memory-scan counter with 
the two following bytes, This 
memory-scan counter tells ANTIC 
where the screen memory is, and AN- 
TIC begins fetching display data from 
this area, The LMS instruction is a 
3-byte instruction: a 1-byte operation 
code followed by 2 bytes of operand. 
In simple display lists, the LMS in- 


* CPU KEEP ALIVE PC-114-1-Single board CPU stalus 
sensor which provides high power PROC READY (sysiem 
enable) and CPU RESET signals. 


5114.00ea. 


7-2 * 128 POINT MATRIX CONTACT RECEIVER PC-101-1- 
| PATA DISPLAY Single board swilch — computer interlace which, under 
(ВС INPUT) software control, selecis and receives mechanical switch 


EED DATA (а WE | 
52 5ТАОВЕ 
| be DECIMAL POINT 


eed RELAY ARRAY 


MICROPROCESSOR 
CPU (5100) 


(22 LINES) 


128 POINT SW - MATRII 
(22 BCD SW i 4 BITS EACH) 


BCO DATA {b LINED — 
матпін Bw ҮТЕ ТТ (in LIES 


8 ВІТ ADDRESS 
ABT ECOIN _ 
a ВТ GCD OUT 


cnm NESET 

PROC READY 

(PROVIDES SYSTEM TURN ON} 
Weigh Systems Technology, Inc. 


| fiire Әзіл 
5701 ATLANTIC BLVO 2896 SOUTHWAY 
MAYWOOD. CALIF. 90270 


213/582-0701 _ 901/363-1521 
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data with switch selectable addressing. 5194.00ез. 


* RELAY D-MUX PC-110-RELAY DRIVER MULTIPLEXER — 
Single board computer-relay interface which provides 
dala storage and peripheral relay drive capability, wilh up 
to 32 relays being driven from a single board with switch 
selectable addressing. $238.00 ea. 

* BCD-MUX PC-102-1-Single board computer — 
instrument interface which provides 1/O and temporary 
dala storage in BCD format. Selectable 5 bil board, 
addressing. Up to 32 boards may be addressed|on the 
same bus, with switch seleclable addressing, $144.00ea, 


* DUAL DISPLAY DRIVER PC-111 — Single board display 
driver-computer interface which provide BCD dala and 
decimal poin! drive while seleclively strobing data lo 
desired digits with swilch selectabte addressing. 5218.00еа. 


* 6 SLOT INTERFACE MOTHER BOARD PC- 119 $130.00ea 
* 36 PIN EDGE CONNECTOR $5.75 


Board Specifications avallable upon request. Systems 
Software available. All items in stock. Visa and 
Maslercharge welcome. Most items shipped U.PS 
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ds He'd used select.. 
it wouldn’t have taken seven days 


Learn SELECT in just 90 minutes. A whole new word processing software 
concept that kicks the coded key habit and frees you from complicated instruction 
manuals, SELECT is fast. SELECT is logical. With single key mnemonics, you'll use 
dozens of commands that instantly access the rich capabilities of this system. There's 
nothing like Íl. 

Simply hit "C" and you'll be ready to Create a document. 

Key "I" and you'll be in the Insert mode. 

Key "М" and Move entire blocks of text... and key dozens more. 


That's all there is to it. You'll get all that word processing software promises ... plus a 
few surprises. 


SELECT with SUPERSPELL. The only microcomputer software with an integrated 
spelling dictionary. To proof your text all you do, of course, Is to key "S". SUPERSPELL 
with its 10,000 word dictionary scans your text at computer speed then displays and 
corrects all your typing errors. You can increase SUPERSPELL's word power and 
customize the dictlonary by adding new words, one at a time. Ask to see It today at 
your local dealer. 


SELECT with SUPERSPELL ... iust a little byte more. 


SELECT will run on any machine Ihat uses CP/M or МР/М"" cr its derivatives. 


I| needs 40K of RAM and iwo disk drives. Special versian now available lar 


ia ш ae 
| Radio Shack Mad li*"* and Apple t1** 
I “. * BELECT and SUPERSPELL are tiademorke of Saipct Information Бүк inc. 
a. — ** CPM and МРЛА arg геатр, пі Онна Reseerch 
A UN т ш = ub ww *^!* 4 irademark of Appia Computer ino 


AL LER E Y i 
INFORMATION SYSTEMS 99 sir Francis Droke Boulevard - Kentfield. California 94904 > (415) 489-4003 
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MICRO PRICE for MINI POWER 
MICRO-MINI" matches Series | by ІВМ 
DELIVERING CURRENT ORDERS 
You cannot buy а mora powerful micro: 
е Power: 1 to 32 independeni users 
е Memory: directly addresses 10 16 Мед! 
» Mapping: efficient memary management 
е Diak: 2M lo more than 250M 
е Speed: throughput 10 times 280 
е Files: simultaneous access 
* Communication: intar-user via terminals 
« Security: all files password protected 
B > Optiona: expandable in the field 
е Bus: intel Multlbus™ compatible 
» Languages: Pascal, BASIC. COBOL, FORTRAN 


System 3 $7053 
This 16-bit Multibus™ computer system 
includes: 
” 28001 CPU and 256K RAM 
е 8 serial IZO poris 
е 15-5ісі backplane 
* Dual floppy disk drives 
е Mulliuser Operating System 
Field upgrade to 16МВ RAM, 
268МВ of hard disk, 32 users. 
Pascal, BASIC, С, COBOL and 
FORTRAN languages. 


Call for further system specifications. 


AMPEX Dialogue 80” 

Dialogue BO™ fully-faatured video terminal: 

Full ASCH with numeric and edit keypads 

Elegant case with detachable keyboard 

Display 24 lines with 25th status line 

20 user programmabie function keys 

2 pages display memory (4 optional) 

11 graphics and 21 control codes 

10 modes including block, protect, program 

Transparent mode displays contro! codes 


struction is used only once, at the 
beginning of the display list. It may 
sometimes be necessary to use a sec- 
ond LMS instruction. The need arises 
when the screen-memory area crosses 
a 4 K-byte boundary. (The memory- 
scan counter is only 12 bits wide, 
which is why it cannot cross a 4 K 
boundary.) In this case, an LMS in- 
struction must be used to jump the 
memory-scan counter over the 
boundary, This means that display 
data are not fully relocatable. LMS 
instructions have wider uses that will 
be discussed later in this series. 


Building Display Lists 

Every display list should begin with 
three "blank-eight-lines" instructions. 
This defeats vertical overscan by 
bringing the beginning of the useful 
display 24 scan lines down. After this 
is done, the first display line should 
be specified. Simultaneously, the 
LMS should be used to tell ANTIC 
where it will find the screen memory. 
Then follows the actual display list, 
which lists the display bytes for the 


Hexadecimal Hexadecimal 
Address Value 


7BEO 70 


mode lines on the screen, The total 
number of horizontal scan lines pro- 
duced by the display list should 
always be 192 or less; ANTIC does 
not maintain the screen-timing re- 
quirements of the television. If you 
give ANTIC too many scan lines to 
display, it will do so, but the televi- 
sion screen will probably roll. 
Displaying fewer than 192 scan lines 
causes no problems; indeed, it 
decreases 6502 execution time by 
reducing the number of cycles stolen 
by ANTIC. The programmer must 
calculate the sum of the horizontal 
scan lines produced by his or her 
display list and verify it. The display 
list must end with a JVB instruction. 

А typical display list for a standard 
BASIC graphics mode 0 display (all 
values are іп hexadecimal) is given in 
table 3. Ás you can see, this display 
list is short —only 32 bytes. Most 
display lists are less than 100 bytes 
long. Furthermore, they are quite 
simple in structure and easy to set up. 

To implement your own display 
list, you must first design the display 


Meaning 


blank B lines 


70 blank 8 lines 

70 blank B lines 

42 display ANTIC mode 2 (BASIC mode D) 
20 also, screen memory starts at 7C20 


7G 


02 display one mode iine of ANTIC mode 2 


Dialogue 80" 

Dialogue 80" with phone coupler.........1194 
| Applications: word processing, data entry, interac- 
"ме programming, data base inquiry/response/ 
update, transaction processing. whether on-sile 
of remote. For Our system or [ог yours, this inter- 
active terminal is the perfect match. 


Prices: Prepaid or Purchasa Order Net 10. 
Prices subject to change withoul notice, 
Warranty: 120 day minimum оп ай systems, 
interlacing cables tree with all systems. 
10% down fixes price, guarantees priority, 
MasterCard and VISA cards accepted. 


JVB instruction —wail for the vartical- 
blank signal, then jump to the beginning 
of the display list, which starts at $7BEO 


(312) 684-3183 


“ COMPUTE 


MICROCOMPUTER SYSTEMS 
5710 Orexel, Chicago, IL 60537 


Table 3: The display list for a standard BASIC graphics mode 0 display, 
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WHY 
NEECO 


BUY FROM THE BEST? 


service... Support... 


Software... 


MULTI-CLUSTER 
For Commodore Systems. allaws 3 
CPU's (Expandable Io B) to access а 
single Commodore Disk 
MULTI-CLUSTER (3 CPU's). so oO fl 
Each Additional CPU (up to 8) TIMES 


СЕ commodore 


16K B (16K RAM-40 Column) - Lim. Oty ............................... 
32K B (32K RAM-40 Clm.) - Lim. Qt 
4016 (16K ВАМ 4.0 Ваѕіс-40 CIM.) ...................... 
4032 (32K RAM 4.0 Basic-40 Clm.) . 
8032 (32K RAM 4.0 Basic-80 Clm.) ............... 
8050 Dual Disk (1 Meg Storage) ............. t 
4040 Dual Disk (343K 510гаде)...................... эмина 
8010 IFEE Модет.............. — — — 
C2N Cassette Drive ...,.... 
CBM - IEEE Interface Cable .... 
IEEE - IEEE Interface Cable........... 
VIC 20 Home/Personal Computer ,..... c — —— Г 
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"3" "ORE o9 NW "Eo M b d & à ә 


кк 51495 
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+ 
кофе росло ори ау фитфиое 
CEL E Ee SE E EE E 
Г 


ALTOS 


ACS 8000-2 64K 1M .... 


*»ow b bk d$ ok RR o8 & MRAM hb à 9$ w à & 9» à hk $ à » 5 Re RR à ^ar . a 


ACS 8000-15 64K 1M * b Boh 6 t B $ b Ko hoà 38 od у 5 Wow &? tte МА МИ aaae 5990 
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ATARI COMPUTERS PROFESSIONAL 

Atari 400 (16K ВАМ) .............. MT I. 

Atari 800 (32K RAM) - good thru 8/31 ..... -+ +- $1080 SOFTWARE 

Atari 410 RECORDER .............. РТА ЖО WordPro 18K ...... UT e s 

Atari 810 ПІ5КПЕІМЕ,.,....................5 594% WordPro 3 (40 Clm. 6X em c 199.95 
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CALL US FOR OUR NEW BO-PAGE CATALOG. 
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format. This is best done on paper. 
Lay out the screen image and 
translate it into a sequence of mode 
lines. Keep track of the scan-line 
count of your display by looking up 
the scan-line requirements of the 
various modes in table 2. Translate 
the sequence of mode lines into a se- 
quence of ANTIC made bytes. Put 3 
"blank-eight-lines" bytes (hexa- 
decimal 70) at the top of the list. Set 
bit 6 of the first display byte (that is, 
make the upper nybble a 4)—this 
makes it a load-memory scan com- 
mand. Follow with 2 bytes that 
specify the address of the screen КАМ 
(low byte, then high), Then follow 
this with the rest of the display bytes. 
At the end of your display list, put in 
the JVB instruction (hexadecimal 41) 
and the address of the top of the 
display list. Store all these bytes into 
memory. They can be anywhere you 
want; just make sure they don't 
overlie something else, and be sure 
your JVB instruction at the end of the 
display list points to the top of the 
display list. 

The display list must not cross a 
1 K-byte address boundary. ІҒ you 
absolutely must have it cross such a 
boundary, inserta JMP instruction 
just in front of the boundary, with the 
JMP instruction's operand being the 
address of the first byte on the other 
side of the boundary. Next, you must 
turn off ANTIC for a fraction of a 
second while you rewrite its display- 
list pointer. Do this by writing a 0 in- 
to hexadecimal location 22F (known 
as SDMCTL). Then store the address 
of the new display list into hexa- 
decimal locations 230 and 231 (low 
byte, then high). Lastly, turn ANTIC 
back on by depositing a hexadecimal 
22 into SDMCTL. During the vertical 
blank, while ANTIC is quiet, the 
operating system will reload ANTIC's 
program counter with these new 
values. 


Screen-Data Placement 

Screen memory can be placed 
anywhere in the address space of the 
computer. Normally, the display list 
specifies the beginning of the screen 
memory with the first display instruc- 
tion—the initial LMS instruction, 


298 “Зеретімг 1001 © BYTE Publications Inc 


However, ANTIC can execute a new 
LMS instruction with each display 
line of the display list, if this is 
desired. In this way, information 
from all over the address space of the 
computer can be displayed on a single 
screen. This can be of value in setting 
up independent text windows, 

There are several restrictions in 
your placement of the screen 
memory. First, screen memory 
should not cross a 4 K-byte address 
boundary. If you cannot avoid cross- 
ing a 4 K-byte boundary (as would 
be the case in BASIC mode 8, which 
uses B K bytes of RAM), you must 
reload the memory-scan counter with 
a new LMS instruction. Second, if 
you wish to use any of the Atari 


Screen memory can 

be placed anywhere 

In the address space 
of the computer. 


operaling-system| screen routines, 
you must abide by the conventions 
the operating system uses. This can 
be particularly difficult when using a 
modified display list in a BASIC pro- 
gram, If you alter a standard display 
list from a BASIC program and then 
attempt to PRINT or PLOT to the 
screen, the operating system will do 
so under the assumption that the 
display list is unchanged. This will 
probably result in a garbled display. 

There are three ways the display 
can fail when you attempt this. First, 
BASIC may refuse to carry out a 
screen operation because it is impossi- 
ble to do with the graphics mode that 
the operating system thinks it is in. 
The operating system stores the value 
of the graphics mode that it thinks is 
on the screen in hexadecimal address 
57, You can fool the operating system 
into cooperating by POKEing a dif- 
ferent BASIC mode value there. 
POKE the BASIC mode number, not 
the ANTIC mode number. 

The second failure arises when you 
mix mode lines with different screen- 
memory byte requirements. Some 
mode lines require 40 bytes per line, 
some require 20 bytes per line, and 
some require only 10 bytes per line. 


Let's say that you insert one 20-byte 
mode line into a display list with 
40-byte mode lines. Then you PRINT 
text to the display. Everything above 
the interloper line is fine, but below it 
the characters are shifted twenty 
spaces to the right. This is because the 
operating system assumed that each 
line would require 40 bytes and posi- 
tioned the characters accordingly. 
But ANTIC, when it encountered the 
interloper line, took only 20 bytes of 
what the operating system thought 
should be a 40-byte line. ANTIC in- 
terpreted the other 20 bytes as 
belonging to the next line and 
displayed them there. This resulted in 
the next line and all later lines being 
shifted twenty spaces to the right. 

The only absolute way around this 
problem is to refrain from using 
BASIC PRINT and PLOT statements 
to output to a mixed display-list 
screen, The quick and dirty solution 
is to organize the screen into line 
groups that contain integer multiples 
of the standard byte requirement, 
That is, do not insert a 20-byte mode 
line into a 40-byte display; instead, 
insert two 20-byte lines or one 
20-byte line and two 10-byte lines. As 
long as you retain the proper integer 
multiples, the horizontal shift will be 
avoided. 

This solution accentuates the third 
problem with mixed display lists and 
BASIC: vertical shifts. The operatíng 
system positions screen material ver- 
tically by calculating the number of 
bytes to skip down from the top of 
the screen. In a standard 40-byte line 
display, BASIC would position the 
characters onto the tenth line by skip- 
ping 360 bytes (40 bytes per line times 
9 full lines) from the beginning. lf you 
have inserted four 10-byte lines, 
BASIC ends up 3 lines further down 
the screen than you would otherwise 
expect. Furthermore, different mode 
lines consume different numbers of 
scan lines, so the position on the 
screen will not be quite what you ex- 
pected if you do not take scan-line 
costs into account, 

Ав you can see, mixed-mode 
displays can be difficult to use in con- 
junction with the operating system. 
Often, you must fool the operating 
system to make such displays work. 


XCOMP introduces а complete micro-size disk 
subsystem with more... 


е MORE STORAGE 
е MORE SPEED 
е MORE VALUE 
е MORE SUPPORT 


8100 users... The XCOMP subsystem is now 
available with 10 megabytes of storage; 5 megabytes 
also available at $2,898.00. Compare the price and 
features of any other 5%-inch — or even B-inch 
system, and you'll agree that XCOMP's value is 
unbeatable. 


OUTPERFORMS OTHER HARD DISKS 

Floppy disk and larger, more expensive hard disks are 
no match for this powerful little system. More data is 
available on every seek: 64K on 10MB and 32K on 
SMB. Faster seek time too — an average of 7OMS. It 
provides solid performance anywhere with only 20 
watts of power. Data is protected in the sealed 
enclosure, and the landing zone for heads provides 
another margin of safety. The optional power board 
plugs directly into the 5100 bus and provides power 
for the drive. 


FAST CONTROLLER 
The XCOMP controller is the key to this system's 
high efficiency operation, Speed-up features include 
interleave without table lookup, block-deblock with 
controller buffer, and read lookahead. OEMs world- 
wide have already proven the outstanding perfor- 
mance of the XCOMP controller. 


MORE SOFTWARE 

included with the system is software for testing, for- 
matting, ИО drivers for CP/M* , plus an automatic 
CP/M driver attach program. Support software and 
drivers for MP/M* and Oasis? are also available. The 
sophisticated formatting program assigns alternate 
sectors for any weak sectors detected during format- 
ting, assuring the lowest possible error rate — at least 
ten times better than floppies. 


WARRANTY 
The system has a full one-year warranty on parts and 
workmanship. 


ALSO AVAILABLE FROM XCOMP 


е Сепога! Purpose controllers (В bit interface}, with 
easy interface to microprocessor-based systems. 

ә GP controller adapter that plugs directly into most 
Z80 computers. 

е ST/H GP controller for the 5MB and 10MB drive 
above, with ST506 type interface. 

е SG/R GP controller for ЗА1 000 interface. 

+ SM/R GP controller for storage module drives. 

. ST/S, SG/S, and SM/S, same as above, for the 
5100 bus. 


Quantity discounts available. Distributor, Dealer, and 
OEM inquiries invited. 


See your local Dealer, or call: 


XCOMP, inc. 

7566 Trade Street 
San Diego, CA 92121 
Tel: (714) 271-8730 
Telex: 182786 


XCOMP 
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-WAITING FOR 
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Buy 
Direct from 


Direct HP 
Dealer 
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HUGE SAVINGS ON CALCULATORS AND COMPUTERS 
Cal) 800-682-9250 in California « 800-538-9560 all other states Including Alaska and Hawail 
408-624-0822 cutsida USA • Telex 172532 « TWX 9103605000 


Hours 7:00-6:00 (PST) Monday-Friday 
ИГЕ HEWLETT 
C D РАСКАНО 
COMPUTERS PERIPHERALS & SOFTWARE 
HP-85 Built In Printer/Tape VisiCalc™ PLUS 
SYS/CRT 250000 Graphic Presentations 
HP-83 Built In CRT 1800.00 Surveying 
HP 7225B Plotter 1960.00 Basic Training 
HP 26318 OPT 885 Printer 3160.00 Financial Decisions 
51/4 Dual Master Flex Drive 2000.00 
514 Single Master Flex Drive 1200.00 
8" Dual Master Flex Drive Call 
8" Single Master Flex Drive Call 
16K Memory 236.00 


LI 
өм Ғғ” 


CALCULATORS 
HP-32E ADV SCI W/STAT 44.00 
HP-33C PROG SCI 72,00 
НР-34С ADV PROG SCI 120.00 
HP-37E BUSINESS 60.00 
HP-38C ADV FIN 120.00 

HP-41C ALPHANUMERIC FULL 
PERFORMANCE 200.00 


HP-41CV ALPHANUMERIC FULL 
PERFORMANCE QUAD MEM 265.00 


PRINTER 308.00 
CARD READER 172.00 
QUAD MEMORY 76.00 


Th 

- та” -- 
e 

mU" 


e m 
-— 97 
-- m 


жа wm m 
gm, ue = 


НР-41С SOFTWARE 
Financial Decisions 
Securities 
Statistics 
Home Management 
Real Estate 


OTHER PRODUCTS 
Epson Printers МХ-80 


ме 


Ға 


Maxell Diskettes 


Ап Authorized 


170.00 
170,00 
170.00 
80.00 
80,00 


27.00 
27,00 
27.00 
27.00 
40.00 


Dali 


Call 


Prices subject to change without notice « Prices do not reflect shipping and handling charges 
CPI — Р.О. Box 22530 — Carmet, СА 93922 = 3785 Via Nona Marie 
Call for items not shown In this ad 
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To PRINT or PLOT to a mode win- 
dow, POKE the BASIC mode number 
of that window to hexadecimal loca- 
tion 57, then POKE the address of the 
top left pixel of the mode window 
into hexadecimal locations 58 and 59 
(low byte, then high). In character 
modes, execute a POSITION 0,0 to 
home the cursor to the top left corner 
of the mode window. In map modes, 
all PLOTs and DRAWTOs will be 
made using the top left corner of the 
mode window as the origin of the 
coordinate system. 

The display-list system can be used 
to produce appealing screen displays. 
Its most obvious use is for mixing text 
and graphics. For example, you could 
prepare a screen with a bold BASIC 
mode 2 title, a medium-size BASIC 
mode 1 subtitle, and small BASIC 
mode O fine print. You could then 
have a BASIC mode 8 picture in the 
middle, with more text at the bottom. 

With assembly-language routines, 
modified display lists are best used by 
organizing the screen into a series of 
windows, each window having its 
own LMS instruction and its own in- 
dependent RAM area. 


Modification Applications 

One simple application of display- 
list modifications is to vertically 
space lines on the screen by inserting 
blank-line bytes. This will add some 
vertical spacing, which will highlight 
critical messages and enhance the 
readability of some displays. 

Another important use of display- 
list modifications is in providing ac- 
cess to features not available from 
BASIC. There are three text modes 
supported by ANTIC that BASIC 
does not support. You can gain access 
to these modes only by modifying the 
display list. There are also display- 
list-interrupt and fine-scrolling 
capabilities that are only available 
after the display list is modified. 
These features are the subjects of later 
articles in this series. 

Manipulations with the LMS in- 
struction and its operand offer many 
possibilities to the creative program- 
mer. For example, by changing the 
LMS during vertical blank, the pro- 
grammer can alternate screen images. 


e =. 


„Апа my dad says GRAFTRAX80 


does better graphics than anybody. 


You might say it's the head of its class. GRAFTRAX 80 
gives you the highest resolution dot matrix in the world 
— up to 120 dots per inch horizontally and 216 dots per 
inch vertically. Which makes our МХ-80 and МХ-80 
F/T work more like a plotter than a printer. 

And that's just for starters. 

GRAFTRAX 80 more than doubles the features avail- 
able in an Epson MX-80 or MX-80 F/T. For instance, 
we've added nice little touches like an italic character 
set — which doubles the number of font types to 24. 
And with GRAFTRAX 80, you can change style, size 
and density anywhere in the line. And backspace the 
head. And use block graphics with апу computer. And 
redefine all escape codes under software control. 

Up to now, you couldn't get some of these features at 
any price. With GRAFTRAX 80, you get 'em all. And 
more. Lots more. 


Circle 141 on inquiry card. 


Best of all, we haven't forgotten all those people who 
already own an MX-80 or MX-80 F/T. You own the 
printer that set the standards all the others are follow- 
ing. And you can install GRAFTRAX 80 PROMs your- 
self, for less than $100. And make the best even better. 

You can see why we 
say GRAFTRAX 80 is 
the head of its class. 
There’s nothing else ін 
its class. 


EPSON 


EPSON AMERICA, INC. 


3415 Kashiwa Street © Torrance, California 90505 • (213) 539-9140 
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Pixel Contents (By Color Register) 


DE 2 
| B B 
1 B B 
| B 
B 


first frame 

second Нате 

third frame 

fourth frame 

effective luminance x 4 
perceived luminance 


Table 4: Advanced color and luminance control through the high-speed changing of 


the video display; see the text for details. 


This can be done at slow speed to 
change between predrawn displays 
without having to redraw each one. 
Each display would continue to reside 
in (and consume) memory even while 
it is not in use, but it would be 
available almost instantly. This 
technique can also be used for anima- 
tion. By flipping through a sequence 
of displays, cyclic animation can be 
achieved, The program to do this 
would manipulate only 2 address 
bytes to display thousands of bytes of 
memory. 

It is also possible to superimpose 
images by flipping screens at high 
speed. The human eye has a time 
resolution of about 34, of a second, 


Need a 


бо a program can cycle between four 
images, one every Yo of a second, 
so each repeats every М, of а sec- 
ond, In this way, up to four images 
can appear to reside simultaneously 
on the screen. There are some 
drawbacks to this method. First, four 
separate displays may well cost a lot 
of memory. Second, each display im- 
age will be washed out because it only 
shows up one quarter of the time. 
This means that the background of all 
displays must be black, and each im- 
age must be bright. Furthermore, 
there will be some unpleasant screen 
flicker when this technique is used. А 
conservative programmer müght con- 
sider cycling between only three or 


Real-Time Multi-Tasking 
Executive for 8080 and Z80? 


АМА 


‚ Faultless operation proven in world wide use 

* Truly hardware independent 

e Optimized for fast interrupt response 

Minimal memory requirements 

* ROMable Гог control applications 

* Terminal Handler is CP/M BDOS compatible 

* Console Driver supports Intel 158С boards 

* SYSGEN speeds user system configuring 
"Program in PL/M, Fortran, Pascal or Assembler 
Source code included (Intel or Zilog mnemonics) 
* Unlimited use licence agreement! 

"Complete documentation (available separately) 


' Low cost 


ЖЕ 


ЯҒ 


СІНМ as 3 trademaek ol Digitul Research Car], 


Dealer eaquines invited 
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KADAK Products Ltd. 


206-1847 West Broadway Avenue 
Vancouver, R.C., Canada У6) 1Y5 
Telephone (604) 734-2796 


КМХ ИМ, ISIH are rete RS ot Intel Carp 
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even two images. This technique can 
also be used to extend the color and 
luminance resolution of the com- 
puter. By cycling between four ver- 
sions of the same image, each version 
stressing one color or luminance 
range, a wider range of colors and 
luminosities is available. 

For example, suppose we wish to 
display a bar of many different 
luminances. We first set our four col- 
or registers to the following hexa- 
decima] values: 


background: 00 
playfield 1. 02 
playfield 2: 0А 
playfield 3: OC 


If we put the images described in table 
4 into each of the screen-memory 
areas, we can achieve much finer 
luminance resolution. 

A final suggestion cancerns a sub- 
ject that is laden with opportunities, 
but that is as little understood as 
the dynamic display list. This is a 
display list that the 6502 changes dur- 
ing vertical-blank periods. It should 
be possible to produce interesting ef- 
fects with dynamic display lists. For 
example, а text-editing program 
could dynamically insert blank lines 
above and below the screen line being 
edited to set it apart from the other 
lines of text. Аз the cursor is moved 
vertically, the display list is changed 
to isolate the screen line the cursor is 
on. The technique is odd but very ef- 
fective, 


Conclusions 

The display list is a powerful 
system for creating and controlling 
displays. It is not a simple system. In 
essence, it is a scheme Юг mating two 
completely different technologies, the 
television and the microcomputer. 
When Г consider the differences be- 
tween these two technologies and the 
exacting demands of each, I am sur- 
prised that the display-list system 
achieves such a favorable combina- 
tion of power and simplicity. Even 
more surprising is the way the 
display-list system supports an even 
more powerful set of graphics 
capabilities, such as graphics indirec- 
tion, display-list interrupts, and fine 
scrolling. These will be the subjects of 
future articles іп this series. № 


R&D COMPUTER SYSTEMS 


Data Acquisition & Control Systems 


16 to 256 ch.; Programmable gain; Voltage or current output; 
12, 14, or 16 bit; 30 to 125 KHz; Stepping motor control 


8086 16 Bit Micro Systems 
31 MByte Winchester Drives 
256 KByte Memory Boards 
8086 Software 


Real Time Video Digitization Systems 


Analog to Digital Converter 
and Timer / Counter 

16 chonnels expandable to 256 
12, 14, or 16 bit accuracy 
30,40,100,or 125 KHz 
Programmable Gain 


16 Ki E Static RAM 
8 and 16 bit transfer 
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CP/ M-86 ROM Boot 
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Digital to Analog Converter 
4 channels - 12 bit accuracy 
3 microsecond conversion rate 


Real Time Video Digitizer and Display 
Expansion Multiplexer 
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Analog to Digital Converter pair "салына Ді, ы 
15 channels - 12 bit accuracy Digital to Analog Companion 
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Digital to Analog — 
2 channels - 12 bit accuracy 

3 microsecond conversion rote 
1 parallel output port 


Analog to o Digital Converter 
16 chonnels 

12, 14, or 16 hit accuracy 

30, 40, 100, or 125 KHz 


TECMAR, INC. 


23600 Mercantile Rd. е Cleveland, ОН 44122 (216) 464-7410 
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BEING OVERCHARGED! 


DON "T Pay Credit Card Surcharges 
Pay a U.P.S. C.O.D. "Fee" 
Even Pay for the Call! 


DO CALL OMEGA TOLL FREE! 


WEST COAST EAST COAST 
1-800-235-3581 1-800-556-7586 


CALL OMEGA AND FIND OUT WHY WE ARE AMERICA’S FASTEST 
GROWING COMPUTER SALES COMPANY! 


ОМЕСА SALES COMPANY 


ANADEX 
$1295 


Tractor option 
ATARI 800 32K $ 749 $ 245 


НАВЕС 630 ЭА 
ІМТЕНТЕС SUPERBRAIN 64K RAM 52799 

QD SUPERBRAIN $3185 
NEC 5510 SPINWRITEH $2495 
NEC 5530 SPINWRITER $2495 


OKIDATA MICROLINE-80 $ 399 
OKIDATA MICROLINE-82 $ 529 
OKIDATA MICROLINE-83 $ 769 
APPLE If PLUS 48K $1189 
— APPLE DISK w/3.3 DOS Controller $ 545 
APPLE DISK w/o Controller $ 435 | 
BASE |І PRINTER $599 _— 
HAZELTINE 1420 ^p $ 790 
NORTHSTAR HORIZON || ЖЖ QD $2975 
ANADEX DP-9500 $1295 | 
TELEVIDEO 912C + $ 669 
TELEVIDEO 820C $729 
TELEVIDEO 950 $ 959 
СВМ 8032 COMPUTER $1225 
CBM 8050 DISK DRIVE $1449 
СВМ 4032 COMPUTER $1090 
CBM 4040 DISK DRIVE $1090 
| СВМ 4022 5 679 
СВМ УІС-20 $ 289 
CBM CON $ 85 
RADIO SHACK II 64K $3245 
RADIO SHACK ІН 16K $ 839 | 
LEEDEX/AMDEK 100 $139 | 
` LEEDEX/AMDEK 1000 % 169 
LEEDEX/AMDEK COLOR-1 13" Color Monitor $ 349 | 
MICROTEK 18K RAMBOARD for Atari $09.05 
MICROTEK 32K $ 165 
ATARI 400 16K $ 349 
ATARI 825 PRINTER $ 618 
АТАН! B50 INTERFACE $ 139 | 
or both together € 740 
ATARI 810 DISK DRIVE $ 449 
АТАН! 800 32K % 749 
PRICES ARE SUBJECT TO CHANGE WITHOUT М Cail for price list of ATARI software | 
| E 15 Se NEC 12” MONITOR $ 229 3 


No Surcharge for Credit Cards Orders е We Accept C.O.D.'s 
All Equipment Factory Fresh With МЕТ. Warranty « Stock Shipments Same Day or Next 


WEST COAST EAST COAST 
1-800-235-3358 1 шша 1-800-556-7586 
OMEGA SALES CO. SALES 
3533 Old Conejo Rd. #102 со. OMEGA SALES СО. 
Newbury Park, CA 91320 12 Meeting St. 
1-805-499-3678 Cumberland, Ri 02864 
CA. TOLL FREE 1-800-322-1873 1-401-722-1027 


()MEGA SALES COMPANY | 
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Natural-Language Processing 
The Field in Perspective 


Gary G Hendrix 
Natural Language Program 
Aritificial Intelligence Center 
SRI International 
333 Ravenswood Ave 
Menlo Park CA 94025 


Earl D Sacerdoti 
Machine Intelligence Corp 
1120 San Antonio Rd 
Palo Alto CA 94303 


Through a process spanning thousands of years, 
natural languages have evolved to meet the manifold 
needs of people to communicate and record a diversity of 
information in a wide variety of circumstances. Natural 
language is the medium of the butcher, the baker, and the 
candlestick maker; the poet and the lover; the politician 
and the preacher; the parent and the child, Even for the 
scientist and computer programmer, it is the mother 
tongue—the language resorted to when formal expres- 
sions and intuition fail. 

Natural languages stand in marked contrast to formal 
languages, such as BASIC and Pascal, which were de- 
signed to be easily understood by computers and are 
intended for the specialized task of expressing algorithms 
and data structures. The fluent use of natural language is 
an information-processing activity of great complexity. 
Endowing computers with this ability has long been a 
major goal of research in artificial intelligence (also called 
machine intelligence), a branch of experimental computer 
science that studies the nature of knowledge and its 
manipulation. 

Understanding the computational mechanisms that 
underlie the use of natural language is the central objec- 
tive of computational linguistics (see the text box at the 
end of the article), a science at the juncture of artificial in- 
telligence, philosophy, linguistics, and psychology, The 
two primary goals of this field are: 


eto understand how humans communicate 
èto create machines with human-like communication 
skills 


The first is a scientific goal pursued to help us understand 
ourselves. In particular, although we all are implicitly ex- 
pert in the use of natural language, we have only vague 
notions of the mental processes involved. А clearer in- 
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sight into their essential nature and functioning might 
enable us to be better communicators, to train our 
children better in language skills, and even to design 
more efficient intercomputer communications, 

The second goal is an engineering one pursued for a 
practical purpose—to create machines that can com- 
municate with people in languages they already know. At 
present, only a small segment of the population, com- 
puter programmers, can communicate with computers. 
The advent of machines that understand natural lan- 
guages will make it possible for virtually anyone to make 
direct use of powerful computational systems. 

Progress in computational linguistics is facilitated by 
pursuing both of the above goals simultaneously, Crea- 
tion of mechanical schemes for dealing with some aspect 
of natural-language processing sheds light on how it 
might actually be performed by the human brain. 
Similarly, evidence derived from observing how people 
use language suggests prospective computational 
mechanisms or, more often, provides valuable insights 
into the reasons particular mechanical processes fail, 

To create computer systems that deal with certain 
significant subsets of natural-language phenomena, it is 
probably not necessary to perform the task in a way 
closely simulating computational processes in the human 
brain. This should not be surprising. Mechanical dish- 
washers use a nonhuman technique to produce a result 
equivalent to that of a human dishwasher. For inter- 
actions about very limited subject areas, we can hope to 
employ thoroughly nonhuman techniques in dealing with 
natural] language. Nevertheless, machines concerned with 
any but the most mundane aspects of human language 
will probably have to deal with human psychology, After 
all, natural language has evolved as an efficient tool for 
conveying information between human minds. One of 
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the participants in a man-machine dialogue operates with 
all the constraints and richnesses of the human psyche; 
the other has to take these into account. 

The ultimate goal of creating machines that can in- 
teract in a facile manner with people remains far off, 
awaiting both improved information-processing algo- 
rithms and alternative computing architectures. How- 
ever, progress in the last decade has demonstrated the 
feasibility of employing today's computers to deal with 
naturaldanguage input in highly restricted contexts. 
Futhermore, microcomputer implementation of these 
limited language-processing techniques is leading to more 
practical, cost-effective systems. 

[n this article, we offer an overview of the potential ap- 
plications, experimental systems, existing techniques, 
research problems, and future prospects in this rapidly 
evolving field. We wil] address major issues in natural- 
language processing by focusing on several representative 
systems, necessarily leaving much important work 
unmentioned. For example, we will not discuss the com- 
plex issues involved in understanding spoken (as opposed 
to typed) language. Our intentions are to demonstrate 
that natural-anguage processing techniques are useful 
now, to reveal the richness of the computations per- 
formed by human natural-language communicators, and 
to explain why the fluent use of natural language by ma- 
chines remains an elusive aspiration, 


Applications of Natural-Language Processing 

To motivate our discussion about how to approach the 
technological goal of creating a machine with human-like 
communication skills, let us consider some potential 
areas for the application of natural-language processing: 


eMachine translatíon—The oldest dream of computa- 
tional linguistics is of a mechanical device that can read 
documents written in one natural language and produce 
corresponding documents written in other languages, but 
with equivalent meanings. [n fact, the birth of computa- 
tional linguistics occurred in 1946, when Warren Weaver 
and А Donald Booth first suggested the use of a digital 
computer to create such a device. The Association for 
Computational Linguistics, the professional organization 
in this discipline, was originally named the Association 
for Machine Translation and Computational Linguistics. 
e Document understanding—Beyond simply translating 
a document from one language to another, a device might 
read and understand documents, fitting their information 
into a larger framework of knowledge, A practical device 
of this sort would read and assimilate a document much 
as a person would. The device might subsequently pro- 
duce abstractions of the document, alert people likely to 
be interested in it, or answer specific questions based on 
its information. If such a device had read many docu- 
ments, it might be able to act as a librarian, directing 
users to pertinent references. 

eDocument generation—A task related to document 
understanding is document generation. We can envisage 
a device that translates information stored in a formal 
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Figure 1: The typical nontechnical user confronts a "black box" 
that contains large amounts of knowledge on a given subject. 


language in a computer's memory into ordinary lan- 
guage. For example, the designer of an automobile engine 
might describe repair procedures in a formal language. 
(After all, we expect that the designing of mechanical de- 
vices will someday be done principally by computer sys- 
tems, which may prefer formal languages.) From this for- 
mal description, instruction manuals in various lan- 
guages could be generated. 

A more sophisticated system could generate special 
manuals for particular groups or individuals. Taking into 
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account that mechanics know much about auto repair, a 
smart system would generate a different manual for 
mechanics than for automobile owners, but on the basis 
of the same underlying information. Information on 
elementary mechanical tasks would be included in 
manuals for less knowledgeable individuals. An ultimate 
system would tailor a manual to the background of each 
individual. 

It is worth noting that a repair manual need not be 

written in linear sequence in a typical book format. Using 
a computer, advice about how to proceed on any par- 
ticular problem could be dynamically generated to apply 
specifically to the task at hand. We will return to this 
topic later in the article. 
e As part of a systerz—An interesting use of natural-lan- 
guage processing is as part of a larger computer-based 
system. For example, imagine devices that not only com- 
municate in English, but also: 


eprovide answers to questions by accessing large data 
bases 

econtrol complex equipment such as industrial robots, 
power generators, or missile systems 

sfurnish expert advice about medical problems, 
mechanical repairs, how to buy stocks, or what to 
cook for supper 

ө teach courses іп a broad range of subjects 


An extreme example of а computer-based system that 
would use natural-anguage processing as an integral 
component is a robot that communicates in English, Such 
a robot might be expected to perform as many tasks in- 
volving the use of natural language as might be done by a 
human assistant. 


The importance of these potential applications and the 
basic science needed to make them possible has long been 
appreciated by scientific-funding agencies of the United 
States government, Current progress in the field is due 
largely to support from the Defense Advanced Research 
Projects Agency, the National Science Foundation, and 
the Office of Naval Research. 


What Existing Systems Can Do 

One of the most important and feasible areas for the 
application of natural-language processing is accessing 
data in data bases. Billions of dollars have been spent in 
collecting and encoding such data, However, this infor- 
mation is generally not readily available to the people 
wha need it. The situation is illustrated by figure 1. 

An executive in the widget business wants to direct a 
simple question to his black box. He wants to know, 
“How many widgets did we sell in August?” He knows 
the information is in the black box, but he lacks the ex- 
pertise to make the box understand him. 

As shown in figure 2, he must find an interpreter (com- 
puter programmer) who can translate his question into a 
formal query to give to the machine. Unfortunately, pro- 
grammers are out drinking coffee when you need them, 


Lilpheat Associates Ши Inc tileheal Associates. Ltd 

1654 Тәні Ave ок Bids . 5F ae 

Hew Yor NV 10028 1-2-9, Зуша Отт pe WEZH SLU, England 

Tel 12124 850-0300 Ші» L^! рап t UN 835-9024 

Tain. 540693 Тш WYK) 14: 03-437- ін 893709 (LESOFTO) 

TWX 710-581-2524 Trax, 2423236 TES 

шен Associates Отен Intersoft (тан Шаны! les SARL 
Schiesspartenweg 5 Ganit Rye — 


kin Y М0 CH} 


lifeboat Associates p 


| When if comes to 
microcomputer 
we wrote the 


How do you stay up-to-the-minute 
with the rapidly changing world of 
microcomputer software? Get the 
Lifeboat Catalog. 

The Latest Innovations 

The new Lifeboat Catalog is packed 
with the latest state-of-the-art software. 
And if we publish a new program after 
the latest catalog has gone to press, we 
enclose a flash bulletin in your copy. 

The Greatest Selection 

Because Lifeboat is the world's largest pub- 
lisher of microcomputer software, our catalog 
offers you the greatest selection of programs for busi- 
ness, professional and personal use. Our more than 
200 programs range from integrated accounting and 
professional practice systems to office tools for book- 
keepers and secretaries to sophisticated tools for pro- 

grammers. Included are business systems, word 
processors, programming languages, database man- 
agement systems, application tools and advanced sys- 
tems utilities. 

We specialize in software that runs on most small 
business computers. Our more than 60 media formats, 
including floppy disks, data cartridges, magnetic tape 
and disk cartridges, support well over 100 computer 
brands of domestic and foreign manufacture. 


Get Ful] Support 
We give the crucial dimension 
of after-sales service and full 
support to everything we sell. 
That includes: 

ФА telephone hotline where 
technical and customer service 
representatives will answer your 
see questions П hours a day. 

е Ап update service for software and 
documentation. 
eTelephone, telex and mail-order service at the 
New York headquarters and at overseas offices in 
England, France, Switzerland, West Germany and 
Japan. 

eExport service providing soltware delivery to six 
continents. 

eSubscriptions to Lifelines™, the monthly magazine 
that offers comparative reviews, tips. techniques, iden- 
tified bugs and updates that keep you abreast of 
change. 

Get It Now 
Lifeboat now serves tens of thousands of satisfied 
customers with our breadth of up-to-date, fully tested, 
fully supported and competitively priced software. 
You may not need all we offer, but we offer just what 
you need. After all. we wrote the book. 


LIFEBOAT WORLDWIDE offers you іле wartd's largest library of software. Contact your nearest dealer or Lifeboat: 


| Май coupon to: Lifeboat Associat 

1651 Third Avenue, New York, New York 10028 
or call (212) 860-0300. 

О Pleasesend me a free Lileboat Catalog. 

С Please send me Lifelines subscription intormation. 


D ————M y j 


ED Baar he T 
D-MM3 талл) W Gar money 97508 Asmueres F ТП 


Tet 089-96 44 
Telex 5213643 15060) Tehn- -20303 (PUBLIC X PARIS) 
[rn 


Software with full support 


Cirote 190 on Inquiry card. 


е — ý 


— — — s —9 т с—— гө гГЮҮГ пй лл | — найтын; “инша ЗИ, 


= 


“а “You are 
ready for MICRO 
if you want to... 


(1 Go beyond canned software 

[] Use your computer for more 
than games 

L] Learn advanced programming 
techniques 

L] Understand the inner workings 
of your computer 

(1 Get the most out of your 
6502/6809 system 

Month after month, MICRO gives readers 

sophisticated software applications, detailed 


discussions of programming languages, and in- 
depth hardware tutorials. 


To get the most out of your machine, say YES 
to MICRO today! We accept VISA or 
Mastercard. $18.00 per year in the U.S., 
$21.00 elsewhere. 


Use Our 24-hour Toll-free Service 


800-227-1617... 


In California: 800-772-3545, Ext.546 


/AAICRO 34 Cheimsford Street 
P.O.Box 6502 
Chelmsford, МА 01924 


310 9 September 1981 © BYTE Publications Inc 


How many 
widgets did 
we sell in 


August? 


MAN 


SUM— SUM+ 
QUANT (706,8,D); 
D—D-*! 


END; 
PRINT SUM 
END 


INTERPRETER 


Figure 2: The nontechnical user obtains information from the 
computer through the use of an interpreter (computer program- 
mer), who translates the English question into a form the 
machine understands. 


or they are working on a project more important than 
your project—so they cannot help you this week. When a 
programmer is available, misunderstandings often occur 
and Шеге are problems in creating proper code, By the 
time an answer is extracted from the computer, it may no 
longer be timely and may not even be relevantl 


The LADDER System 

To produce timely answers to questions and quickly 
clear up problems as to how а decision-maker's question 
is to be interpreted, the turnaround time must be cut from 
hours or days to seconds. 

Research groups around the world are attempting to do 
this by automating the programmer in figure 2. For exam- 
ple, the LADDER system developed at SRI International 
(see references 11 and 12 at the end of this article) is 
capable of translating a question such as: 


TO WHAT COUNTRY DOES 
THE FASTEST SUB BELONG? 


into either the code of listing 1 or listing 2, depending on 
which DBMS (data-base management system) has the 
relevant data, Ап explanation of these segments of code 
is unnecessary here, The point is that systems exist that 
are capable of accepting simple English queries specifying 
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Listing 1: Ап English-language query translated to an equivalent 
program in DATALANGUAGE. 


English Query— 
Ta what country does the lastest sub belong? 
DATALANGUAGE Query— 
BEGIN 
DECLARE ҮІ STRING (,100) ,D="}’ 
DECLARE Y2 STRING (,100) ,Dz')' Y2 = ‘00.0 
DECLARE ҮЗ INTEGER ҮЗ = 0 
DECLARE Y5 STRING (,100) ,D='}' Y5 = 0 
DECLARE Y4 STRING (,100) ,D='}’ 14 =0 
FOR БІ IN SHIPCLASCHAR WITH (R1.TYPE2 EQ 'S') AND 
(RI.TYPEl ЕО '5') 
FOR R2 IN SHIPCLASDIR WITH (R2.SHIPCLAS EQ 
Hl SHIPCLAS) 
FOR R3 IN SHIP WITH (R3.UICVCN EQ R2.UICVCN) 
BEGIN 
Yl = R3.MCSF 
IF Y1 LE 99.0 AND Y2 LT Y] THEN 
BEGIN 
Y2 - Y] 
Y5 - R3.NAT 
¥4 = R3.NAM 
Ка. =1 
END 
END 
IF ҮЗ EQ 1 THEN 
BEGIN 
NSTDPORT.STRING! = Ү4 
NSTDPORT.STRING2 = Y5 
END 
END 
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Listing 2: An English-language query translated to an equivalent 
DBMS20 program. 


English Query— 


To what country does the fastest sub belong? 


DBMS20 Query— 


13 


17 


15 


14 


24 


26 


28 


30 


COMPUTE XSTRX11 = '00.0' $ 

COMPUTE ХҮ10 2 03 

FIND FIRST SHIPCLASCHAR RECORD OF BLUEAREA 
AREA $ 

ІР ERROR-STATUS = 307 GO TO 14$ 

COMPUTE XAND16 = 0$ 

IF SHIPCLASCHAR-TYPE2 МЕ '8' GO TO 17$ 

COMPUTE XANDI6 = 1$ 

IF XANDI6 = 0 GO TO 15$ 

COMPUTE XAND18 2 0% 

IF SHIPCLASCHAR-TYPE] NE 'S' GO TO 19% 

COMPUTE ХАМП1В8 = 1% 

IF XAND18 = 0 GO TO 15$ 

COMPUTE XSTRZI2 = SHIPCLASCHAR-MCS $ 

IF XSTRZI2 LT 700.0/ OR XSTRX11 LE XSTRZ12 GO TO 15 $ 
COMPUTE XSTRA11 ж XSTRZ12 $ 

COMPUTE XY10 2 13 

COMPUTE XSTR29 - SHIPCLASCHAR-MCS $ 

FIND NEXT SHIPCLASCHAR RECORD OF BLUEAREA 


IF ХҮ10 = 0 GO TO XT $ 

FIND FIRST SHIPCLASCHAR RECORD OF BLUEAREA 
AREA $ 

IF ERROR-STATUS = 307 GO TO 21 $ 

COMPUTE XAND23 = 0$ 

IF SHIPCLASCHAR-TYPE2 NE 'S' GO TO 24 $ 

COMPUTE XAND23 = 1$ 

IF XAND23 = 0 GO TO 22$ 

COMPUTE XAND25 2 0$ 

IF SHIPCLASCHAR-TYPEI NE 'S' GO TO 26 $ 

COMPUTE XAND25 2 1 5 

IF XAND25 = 0 GO TO 22 $ 

COMPUTE XAND27 = 0% 

IF SHIPCLASCHAR-MCS NE XSTR29 GO TO 28 $ 
COMPUTE XANDZ7 ж 1% 

IF XAND27 = 0 GO TO 223 

FIND FIRST SHIPCLASDIR RECORD OF BLUEAREA AREA 
$ 

IF ERROR-STATUS = 307 GO TO 31 $ 

COMPUTE XAND33 2 0$ 

IF SHIPCLASDIR-SHIPCLAS NE SHIPCLASCHAR- 
SHIPCLAS GO TO 34 $ 

COMPUTE XAND33 = 1$ 

IF XAND33 = 0 GO TO 323 

SET SHIP-UICVCN TO SHIPCLASDIR-UICVCN $ 

FIND SHIP RECORD $ 

IF ERROR-STATUS = 326 GO TO 36 $ 

PRINT SHIP-NAM SHIP-NAT $ 

FIND DUPLICATE SHIP RECORD $ 

GO TO 35 $ 

`$ 

FIND NEXT SHIPCLASDIR RECORD OF BLUEAREA AREA $ 
GO TO 30 $ 

`$ 

FIND NEXT SHIPCLASCHAH RECORD ОҒ BLUEAREA 
AREA $ 
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Listing 3: An actual conversation with the LADDER system. 
Boldface words represent user input. Material in square brackets 
replaces lengthy material not relevant to this article. 


1— Give me the length of Ще Kenedy. 
apelling-> KENNEDY 

PARSED! 

Give the length of the ship KENNEDY JF 


LEN = 1072 
2—width and атай 
PARSED! 
Trying Ellipsis: GIVE ME WIDTH AND DRAFT OF THE KENEDY 
Give ihe beam and draft of the ship KENNEDY IF 
(BEAM 130 DFT 36) 
3— Who ia her commander? 
Give the rank and name of the commander of the ship KENNEDY ]F 
(RANK CAPT NAME MOFFETT P) 
4—What abou the Foz? 
PARSEDI 
Trying Ellipsis on: THE FOX 
WHO 15 THE FOX COMMANDER 
Give the rank and name o! the commander ol the ship FOX 
(RANK CAPT NAME EVERETT J) 
5—Whai U.S. merchant ships carrying vanadium ore are within 500 
miles of the Kimlow? 
PARSED! 
Give the position of and time at position for the ship KIMLOW Т 
Give the name ol merchant American ship 5 
where the type of cargo on 5 is VNAD 
the great-circle distance from the position of S to 
18-33N, 30-10W, is less than or equal to 500 
SHIP = GREENVILLE VICTORY, CRAIN ME, TOTOR 
6— How fast are the U.S. subs with lengths greater than 150 feet? 
PARSED! 
Give the maximum cruising speed for and name of American ship З 
where the firat character of the type ol S ia S 
the second character of the type ol S ін 8 
the length of S ts greater than 150 
(A long table relating the names and maximum cruising speeds oi 
American submarines ів printed.] 
7—What French ships are at readiness status 27 
PARSED! 
Give tha name of French ship 5 
where the state of readiness of S ts | 


There ін no French ship S 
NONE 


Text continued from page 310: 
what information a user wants, then generating fairly 
complex programs specifying how the computer is to 
retrieve the information. 

Two problems are being confronted together: 
Problem 1: The system must translate from English into 
a formal language, 

Problem 2: The system must convert a statement of 
what is wanted into a statement of how to 
get it. 


Problem 2 is concerned with automatic programming, an 
artificial-intelligence problem currently receiving much 
attention (see reference 2). (Fortunately, most work on 
natural-language processing needs to consider only a 
highly restricted subset of this general problem.) 
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What it's like to use a system such as LADDER is sug- 
gested by the transcript, shown in listing 3, of an actual 
interaction. The system prompts users with a transaction 
number followed by a hyphen. The user then types in a 
question or command. (In this and future listings, we 
refer to the question half as a query and to the ques- 
tion/response pair as an interaction.) Query 1, "Give me 
the length of the Kenedy," contains a misspelled word. 
LADDER corrects this automatically, typing a note to the 
user directly below the input line. Once LADDER has 
corrected the spelling error and completed an analysis of 
the input, it types the message “РАКЗЕГ!”, and displays 
its interpretation of the user's query. The system then 
calls a remote data base to retrieve the answer—in this 
case, the length (abbreviated to LEN) of the Kennedy is 
1072 (feet). 

Query 2 is not a complete sentence. [n fact, it makes no 
sense when considered in isolation. But in the context of 
the preceding query, it is clear that the intended meaning 
is, "Give me the width and draft of the Kennedy." Leav- 
ing out pieces of a sentence is called ellipsis. Processing 
such elliptical inputs is more difficult than it may seem. 
The system has to avoid such interpretations as, "Give 
me the length of the width and draft," or even, "Give 
width and draft the length of the Kennedy." 

Query 3 illustrates the use of a pronoun, another 
linguistic construct that cannot be interpreted in isola- 
tion, 

Query 4 demonstrates a more sophisticated form of 
ellipsis in which the analysis involves more than just 
grammatical substitution of the new input into the old 
one, (This is accomplished in LADDER by looking for 
"WHAT ABOUT" at the Feginning of an input, 1nd then 
applying the standard elliptical technique what 
follows.) 

Query 5 illustrates a major benefit of natural-language 
processing: the user can interact with the system in terms 
of the job being done, letting the system be concerned 
with what is required from the data base. Though this is 
only one question from the user's perspective, it requires 
two questions of the data base. First, the location of the 
Kimlow must be determined, and then the appropriate 
ships within 500 miles of that location must be retrieved. 
The process of translating from the user's terms to those 
of the data base obstructs the user's decision-making job. 
It is therefore an appropriate process to automate. 

Interaction 6 causes a large body of information to be 
retrieved from the data base. Althoug omitted from the 
listing to save space, a table summarizing the answer is 
displayed to the user. 

Interaction 7 shows an example of a cooperative 
response to the user's question, The user asks a question 
about the readiness of French ships. However, the data 
base contains no information about French ships. There- 
fore, the literal answer to the user's question, NONE, is 
inappropriate by itself, since it leads the user to believe all 
French ships are unready. To provide a more informative 
response, LADDER presents additional information 
showing the rationale for producing the NONE response. 
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LADDER's methods for dealing with natural-language 
inputs are similar to those used by compilers and inter- 
preters for such languages as BASIC and Pascal. For ex- 
ample, a BASIC interpreter might deal with assignment 
statements by looking for the pattern: 


LEI«variable» = «expression». 


This pattern could match an instruction of the form: 
LETX = 5 +\ 


with "X" filling the role of the < variable» and "5 + Y" 
Filling the role of the < expression >. Associated with this 
pattern, the interpreter would have a function for storing 
the value of the expression into the memory location 
named by X. 

Similarly, LADDER uses patterns such as: 


WHAT «BE» THE <SHIP-ATTRIBUTES> OF 
< SHIP-DESCRIPTION > 


that can match sentences such as: 


WHAT ARE THE LENGTHS AND DRAFTS OF 
US CARRIERS? 


Like an interpreter or compiler, LADDER associates a 
function with each pattern. The function associated with 
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BOARD 


ECT's В/О is an S-100 Bus VO Board with 3 Serial 
VO Pans (UART' s), 1 Parallel VO Port, 4 Status Ports, 
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$295.00 


the example just cited would produce calls to the data- 
base management system to retrieve attributes of ships 
and take as parameters the names of the attributes and à 
description of the ships of interest. Most of LADDER's 
knowledge about language and the world is implicitly en- 
coded in its grammar and associated functions. The 
grammar contains much information about the particular 
data base being queried and is by no means a standard 
grammar of English. А grammar of this type is called a 
pragmatic or semantic grammar (see references 4 and 11). 


Summary of LADDER-Like Systems 

In a later section, we will say more about what systems 
like LADDER can do. For now, it is sufficient to note the 
following: 


eThe computer capability shown in the transcript of 
listing 3 is of considerable practical utility. 

eLADDER deals with a relatively large and complex data 
base that includes over 100 fields in fourteen files and has 
records for 40,000 ships. 

eLADDER has been performing at this level of capability 
since 1976 (except for the cooperative responses such as 
those in interaction 7, which are relatively new—see 
reference 14). 

eThere are several systems in laboratories around the 
world that are capable of essentially the same level of per- 
formance as shown in listing 3, These include the systems 
described in references 10, 14, 24, 25, 26, and 31, 
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Listing 4: А dialogue between an expert and ап apprentice 
repairman showing definitely determined noun phrases 
(underlined). 


A: HOW DO 1 REMOVE THE FLYWHEEL ? 

E FIRST LOOSEN THE TWO SMALL ALLEN HEAD 
SETSCREWS HOLDING IT TO THE SHAFT THEN PULL 
IT OFF. 

А: ІНЕ TWO SETSCREWS ARE LOOSE BUT ГМ HAVING 
TROUBLE GETTING THE WHEEL OFF. 

E: USE THE WHEEL PULLER , DO YOU KNOW HOW? 

А: NO 

Е LOOSEN THESCREW IN THE CENTER AND PLACE THE 


JAWS AROUND ТНЕ НУВ OF THE WHEEL: THEN 
TIGHTEN IHE SCREW. 


A: THE LITTLE METAL ЗЕМІСІНСІЕ FELL OFF WHEN I 
TOOK THE WHEEL OFF. 


For restricted classes of applications, systems such as 

LADDER provide language-processing capabilities that 
are very useful. Nevertheless, LADDER falls far short of 
being an ideal system, both conceptually and linguistical- 
ly. 
ү LADDER's concept of the world is based on the 
underlying conventional data-base management system 
to which it provides access, Data-base management 
systems can effectively store large numbers of individual, 
concrete facts, such as: 


THE KENNEDY 15 OWNED BY THE US 


But they are incapable of dealing in a general way with 
more logically complex notions, such as disjunction, 
quantification, implication, causality, and possibility. 
They act as if they were dealing with information about a 
world containing a fixed number of objects and relation- 
ships among them, with the objects and relationships be- 
ing immutable. 

Perhaps LADDER's most important linguistic deficien- 
cy is its limited notion of linguistic context. With minor 
(though useful) exceptions, LADDER treats each input as 
if it were given in isolation. To perceive the problem, let's 
consider the question: 


WHO ARE THE CAPTAINS OF THE US TANKERS? 


Isolated from all contexts, this question should be inter- 
preted as a request for the names of the commanding of- 
ficers of al] US tankers in the data base. But if a user has 
just asked the question, "What is the status of convoy 
C861" and has received information on a number of 
ships in the convoy, including two US tankers, the sam- 
ple question should elicit the captains' names for only the 
two tankers in the convoy. LADDER ignores the context, 

however, answering the question as if it had been asked 
in isolation. 

The ability to follow a changing context and make ac- 
curate references to prominent objects is a fundamental 
characteristic of human communication, Іп fact, about 
half the words used in ordinary speech are found іп DEF 
NPs (definitely determined noun phrases), the linguistic 
constructions most often used to refer to objects in con- 
text, Note, for example, all the definitely determined 
noun phrases underlined in the dialogue shown in listing 
4, 

The need to understand context throws considerable 
doubt on the idea of building natural-language interfaces 
to systems with knowledge bases independent of the 
language-processing system itself. This is because the in- 
formation in the knowledge base may be needed simply 
for comprehension of a question, For example, to under- 
stand the phrase "the filter" in: 


IFI CHANGE THE OIL IN MY CAR, WHERE SHOULD 
I LOOK FOR THE FILTER? 


it is necessary to know that automobiles use oil cleaned 
by a filter. Such knowledge makes possible the assump- 
tion that such a filter, the one on the user's car, is the 
referent of "the filter." We cannot translate the question 
into a formal query to an auto-maintenance system 
unless the translation system also has some information 
about the nature of auto maintenance. 


Systems for Dealing with Dynamic Microworlds 
SHRDLU, a system developed by Terry Winograd at 
MIT around 1970 (see reference 29), was one of the first 
systems to deal with some of the complexities of context 
and address a domain of greater logical complexity than 
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Figure 3: The microworld of blocks used by the SHRDLU pro- 
gram, which can manipulate objects in the microworld and 
answer questions about Шет. 


Listing 5: An actual conversation with the SHRDLU system. 


Associated images of the blocks microworld are giuen in figures 
3, 4, and 5. 


1-- PICK UP A BIG RED BLOCK. 
OK. 
2-- GRASP THE PYRAMID. 
I DON'T UNDERSTAND WHICH PYRAMID YOU MEAN. 
3— FIND А BLOCK WHICH IS TALLER THAN THE ONE YOU 
ARE HOLDING AND PUT IT IN THE BOX. 
BY "IT" I ASSUME YOU MEAN THE BLOCK WHICH 15 
TALLER THAN THE ONE I AM HOLDING. 
OK. 
4— WHAT DOES THE BOX CONTAIN? 
THE BLUE PYRAMID AND THE BLUE BLOCK. 
5— WHAT IS THE PYRAMID SUPPORTED BY? 
THE BOX. 
Б — HOW MANY BLOCKS ARE NOT IN THE BOX? 
FOUR OF THEM. 
7— WHY DID YOU CLEAR OFF THE RED BLOCK? 
TO PICK IT UP. 
8— WHY DID YOU DO THAT? 
BECAUSE YOU ASKED ME TO, 


Figure 4: SHRDLU in the process of executing the command 
"PICK UP А BIG RED BLOCK", 


can be handled by a conventional data-base management 
system. An example of the types of interactions SHRDLU 
can support is shown in listing 5. At the beginning of the 
dialogue, both user and system are talking about a small 
microworld of blocks configured as shown in figure 3, 
In interaction 1 of listing 5, SHRDLU is asked to pick 
up a big red block. Since there is only one such block in 
the microworld, SHRDLU knows what to pick up. Com- 
plicating the situation, however, is a green block resting 
on the big red block. SHRDLU is forced to devise a plan 
that involves moving the símulated robot arm to the 
green block, lifting the green block, moving the block to 
a clear place on the table, placing the green block on the 
table, releasing the green block, returning to the red 
block, grasping the red block, and, finally, lifting it up. 
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Figure 5: The microworld after execution of the command 
“FIND A BLOCK WHICH IS TALLER THAN THE ONE YOU 
ARE HOLDING AND PUT IT IN THE BOX”, (This takes place 
after the action of figure 4.) 


When this is done (after considerable computation time), 
the microworld configuration is as shown in figure 4 and 
SHRDLU responds with a simple “ОҚ”, 

In interaction 2, the user asks SHRDLU to grasp “the 
pyramid." But there are two pyramids in the microworld 
context, and the linguistic context contains no clues to 
choose between them. SHRDLU realizes that it cannot 
identify the referent of "the pyramid" and tells the user 
50. 
Interaction 3 reveals SHRDLU’s ability to deal with a 
fairly complex noun phrase containing a relative clause 
and a comparative construction, and to handle prob- 
lematic words such as "one" and “it.” The result of this 
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exchange із the microworld configuration shown in figure 
5, Note that the system has found it necessary to put 
down the big red block it was holding. 

Interaction 4 illustrates SHRDLU's question-answering 
ability. 1л the process of answering this question, the blue 
pyramid and blue block become the most salient objects 
in the linguistic context. 

In interaction 5, the user again makes use of the phrase 
"the pyramid." SHRDLU is now able to assign a specific 
referent to the noun phrase. In particular, SHRDLU picks 
the pyramid most recently mentioned in the conversa- 
tion, 

In interaction 6, SHRDLU displays its ability to count 
and to handle negative constructions. Its response sug- 
gests a key limitation of SHRDLU—it assumes it knows 
everything there is to know about the microworld. In 
particular, it assumes it knaws about all the blocks. To 
see how this simplifies things, ask yourself how many 
people (or blocks) are not in the room you are in. 

Interactions 7 and 8 show SHRDLU's rudimentary 
ability to deal with references to actions, rather than just 
to simple objects, and to recall the history of previous ac- 
tions and their causal linkage—essential skills for enter- 
ing into conversations about dynamic worlds. 


Limitations of SHRDLU 

The sample SHRDLU dialogue illustrates the system's 
capacity to cope with dynamics in both the physical and 
linguistic environments. 


As observed by Wilks (see reference 28), SHRDLU's 
apparent power derives largely from dealing with a 
logical, small, simple, closed microworld. The 
microworld is logical because all the facts about it can be 
stated in terms of first-order logic. This is fortunate 
because powerful problem-solving methods exist for 
dealing with bodies of facts in this form. But these power- 
ful methods are computationally expensive and become 
increasingly inefficient as objects and facts proliferate 
and become more complex. 

Fortunately for SHRDLU, its microworld contains 
fewer than a dozen objects, including the robot arm, and 
their interrelationships and the actions that can change 
those interrelationships are relatively simple. For exam- 
ple, there are no messy objects like pieces of rope or 
bodies of water that can assume an infinite variety of 
shapes or that can split or combine to form new objects. 
Furthermore, there are no cerebral creatures in the 
microworld to complicate the picture by having wants, 
goals, beliefs, and the like. 

Finally, the microworld is closed because it is assumed 
to be completely knowable. If the box is empty and 
SHRDLU plans to put the blue block in it, there is no 
possibility that a gremlin will fill up the box with junk, 
turn it upside down, break it, nail a lid on it, or perform 
any of infinitely many activities. If SHRDLU wants to 
know if the box is empty, it simply tries to prove that it 
contains something, and watches to see if the proof fails. 
Anything in the microworld that is knowable is provable, 
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BASIC LANGUAGE .. 
ASSEMBLER EDITOR , 

MUSIC COMPOSER ... 

STAR RAIDER р 
COMPUTER CHESS , 
BASKETBALL . " 

» TELELINK 

Ж OATASOFT TEXT WIZARD ns 


TO ORDER: Pieass send cashier's check, money order of personal check 
fallaw 1D business days to clear}. УІБА and Master Card cred|! card service 
add 3% American Expresa credit card service add 5%, Shipping, handling 
and insurance In U.S. add 3% (minimum 44), Сайнт residenis mdd 6% 
sales (ак. Foreign orders add 10% (аг shipping. Equipment is subject to 
price change and availabiilty. All squipment caries factory warranty. Store 
prices differ trem mall order prices. TELEX: 697120 OATAMAX-SDG 


CALL OR WRITE FOR А COMPLETE PRICE LIST 


- 


ғ” s 
та mb 


ТӘТЕ 


Circle 70 on inquiry card. 


STATE OF THE АВТ 


MEMORY SYSTEMS 


512KB SINGLE BOARD MULTIBUS® MEMORY 
State of the Art Multibus Memory Design. 
First to Offer 512KB on One Board. 


Тһе С1-8086 module is compatible with both B or 16 hit Multibus Systems. 


PARITY — The ГІ-8086 generates and checks even parity with веса в 
interrupt on parity error. 


FAST ACCESS AND CYCLE TIME — Data access is 270 NSEC and cycla 
timg is 375 NSEC. 


16 MEGA BYTE ADDRESSING — The memory is addressable in 16K 
increments up to 16 mega bytes. 

LOW POWER CONSUMPTION — Total power consumption is under 8 
watts. 


SINGLE QTY. PRICE: 128Кх9 $1350. 


Tm —_ "m - ша - > = Т 
ІШШІШІНП ЕЕ 
Г E Ha = = = =i a ъ - %: 
45271 к. қ | 

“ач. 


512Kx 9 #2995, 


256KB LS! 11/239 SINGLE DUAL WIDTH BOARD 
The First and Only 256KB Memory on a Single Dual Board. 


4 MEGABYTE ADDRESS FIELD — Most memories available for the DEC 
РОР 11/23 ага only addressabla to 256K bytes (18 address паз). The 
СЕТ 23 is addressable to 4 mega bytes (22 address lines) so there is no 
need to worry about obsolescence. 


FAST ACCESS AND CYCLE TIME — With an access tima of 240 NSEC 
and cycie time of 400 NSEC ane is insured the best throughput on tha POP 
11/23 systam. 


PARITY — The LI-1123 generates and checks parity for each byte of 
memory. Totally DEC compatible. 


BATTERY BACKUP POWER CONSUMPTION — Power requiremant far 
the module is only 1.2 AMP from the 5 volt supply. The СІ-1123 із aasily 
configured for battery back-up mode of operation requiring only 300MA 
from a singla 5 V back-up supply for 256KB mamory in the down state. 


SINGLE QTY. PRICE: J2K x 18 $575. 128K x 18 $1925. 


LI | 
j PLANI ІЗ 


64K x 9 EXORCISER® | SINGLE BOARD MEMORY 
Рог Exorciser |, Exorciser ІІ and Rockwell System 65. 
FAST ACCESS AND CYCLE TIME — Data access tima is 225 NSEC and 
cycle time is 400 NSEC, allowing the unit to work as a static RAM at clock 
rates in excess of 1,5 mega hertz. For 2 mega hertz срегабап the board can 
be easily configured to utiliza a cycle stealing refresh operation. 


ADDRESSING — On-board memory select is available in 4K increments 
up to 84K words of memory оп either the VUA or УХА contral inputs. 


PARITY — On board even parity with output jumper select to the system 
bus as a parity error ог поп-тезкабіе interrupt. 


Complete board power consumption is under 7 watts, 


SINGLE QTY. PRICE: 64K x 9 $575. 


Tested and burned in. Full year warranty. 


DON'T ASK WHY WE CHARGE SO LITTLE, ASK WHY THEY CHARGE SO MUCH. 


Mulius н в Lrademark бі dw inta! Corp. 


Circle 61 оп inquiry card. 


Вн в подета of Очна Equipment Com. 


Chrislin Industries, Inc. 


31352 Via Colinas e Westlake Village, CA 91362 e 213-991-2254 


Елик н a бобома of Мень 


BYTE September 1981 323 


DYNACOMP 


Quality software for* 
ATARI TRS-80 (Level H)** 
PET NORTH STAR 
APPLE II Plus CP/M Disks/ Diskettes 


CARD GAMES 
ВЕСЕ 2.8 (А тыы lor ай campaters) Price: $11.95 Cometa 1.5 рне 
аны таған or Gh s redii aí appe Tha erogram bolb MILS and PLAYS 
кйіых commen of deplicate boxe Depending ов tet cuniract, your compater opponents andi «нет 
play the offense OR деіғам. tf ум oi) о high, (ur сапырса will белді усті contrast! ШОРОН 1.0 
provides challenging enteriiament [at advanced pleyer and із аһ ettaller: learning jock bur the bridge 
роич. Ser Ube зола гет із lO Sofwere Салу. 


HEARTS 1.5 (Атим for ай computers] 
Ал exciting даб mnaertainiag compun version of ths popular card game. Heasts № а rich Grenied 
қалы ін which Ube purpose Ш nes tvi Ше өту hearts or Шм queen сі spades. Play аран tuo comp 
орровезиз who gre armed wilh hard4Ao-btet pleyíng siteiegicn. HEAMTS 1.5 à an kira) gama (ін ін" 
— e К See the эй угы review ін 80 Bo wait Critique. 


STUD POKER (Atri oalr Price: $11.95 Camoin ИВР Гц 
odere n ром кең! mibi чин ш тиро recs inlcr e sce on 
compes) bet па wha vau ма. The computor dors mui ciet ànd actully bets the odds. However, И 
[ер oe cen m s t mi В кенішіне кеден 
ran on a 16% ATARI. Color, graphics, козгай. 


POKER PARTY (Available for өй computers) Prices $17.95 Салан ГЪ]! 9 Diskette 
POKER PARTY В à draw poker ыпміміті based an the жоқ, POKER, by Oswald Jacoby. ТАҢ 13 
the most comprehensive veruma гтей for mcrocompuler The party consists of yourself and plz 
other (ogenpuner) players. Each of Uncsc players (you eal get ur knew them) bus a Alot personaluy 
ip the torm оба varying propensity ыз Glulf er fad unda prague. Praco wok POKER PARTY 
кісе кену 70 thuc eaponwve pane ionighr! Apple Гәмент und diskette тели requete в X1 K irr 
larger Apple Ц. 


CRIBBAGE 2.0 (TRS-89 oaly) Price: $14.95 Casortiu/$14.93 Diskette 
Thal bi яшар the best cribbage game avaiable. Н в ағ езсейеті program for the Пари player |н 
varch of а wonhy opponent xà well as far Ihe novice wishing іл unpeove bá game The graphics are 
кира and mertbiy lnyaejes toutes provida taped caban. Set the эн түли review іл ВО Software 


Price: 315.95 Сәнім ^5 9,95 Duine 


THOUGHT PROVOKERS 


MANAGEMENT SIMULATOR (Aten, North Sur вид CP/M ouly) Prev: m = 
Pi 
This тоқтаса la both a5 ercelleni teaching iol өз well ва 6 stimuilaring etellecsual peme Based іреп 
similar games pia ped ef рваных buanas осі, cach player 29 tram conch а money which aat 
ufaciurerzi гїї products. Бек ріңует aiempia іп putperfarm hia competition by rening ullag prices, 
Predecton volumes, muting and design expenditure: esc. The mort сосен? Firm iz ibe wae wiih 
tha highest мәсі prite when Che simulatum ends. 


FLIGHT SIMULATOR (Available Гос ай camperiers) Price: 517,54 ашыны, 20,95 фана 


n ee а нез 
citing end very Абдин, Бет tbe software review in COMPUTRONICS 


VALDEZ {Ата for aU campaters) Price: $15.95 Cumt! $19.95 Olea 
VALDEZ U в computer simulazioan cf in the Prince Williams Sounds Valder 
Parton region of Аш. pochetas із thes етап Нв realice and exrarmive 246 ч 218 Semen 
тар, porns Of which mde be каин] using Ihe ship's alplarnromreric paler display, The тин af the 
thip tthed! is soperétely modetied mathernatically. The (тыным aluo canalan а mode For the tidal 
pauerm м ihe город. ва well m other (ға Пс пацаан акеге and drifung iceherge) Chart your 
comune frons dee Gull of Alaska ca жона Harbor! See the softwere reine in ВА Кайе Собачье. 


BACEGAMMON 2.0 (Atari, North Star aad CP/M only) Price: 534.98 Comata/81 0.95 Diete 
This progres usu your skis and чүй) кізу ізіргіуге your gaze, A Ашты can compete 
река мааи реа ый. The скин? сал eves ply пз. Either іе human or 

Ња sompeter can dowhhe иг price dios гой. Вале positions csa be creaied or өтей for replay. 
ВАСҚОАММОМ Lük played m acoordenzr miih jhe office! rales nf backgermmon sad н ше to prn- 
Wide Шақу [киш құмақ of беи фаса рну, 


CHECKERS.J.0 (РЕТ ому) Prien! 334.94 Cusserz/ 530.95 Disharia 
This is one of the mos challenging checkers programa ағайды. И kas 10 veis of play and elbows Ше 
weer in chusge ІШІ bevels ы dery tim Though providing a very (лан punc ai level 4-8, CHECKERS 
LO (t релі Шина qi levels 9 and 10. 


CHESS MASTER (North Star and ТЕ6-іф омут Price: $19.94. Сввыны (1.94 Юша 
Thi complete кай very рота) ргодгивз provides Mre істей of play. |Н Inciudes саз нац, а prse 
, Unc hoard may be prises жне edi 
ташыл сїз OR врео, Hur ри бритая із written 
of Calfomia). Poli graphics аға employed іл che 
ТЕН т=п, end сену widths ol віріккешетіс Шріну ме provided іп anonumbodaie North Siar 
UM. 


LEM LANDER СОК Apple Dik ашу) TEX Be 
РКК your LEM цо & sale landing on sur of тие difera, serlece: гендігі Trow smoanh 10 
ee Tu osque нан шибе and thrust! This ір à reaime high төз 


FOREST FIRE! (Алан sty} Prin TMOG Crea ГЫ М, Dich pe 
Lidey еза фто pruphlcs wed таты) ef Fectk, hh einmmlation gru puo i Use сое of в foren Ме, Your 
Іні te divert operation to рш out the (га while росэревлацир (ar салла із әккі, ышы алы? irr- 
Tala, Mot protecting valuable structures can result іа nartiiag penalise. еы verisbiet are provided 
іс make FOREST FIRE! Very рем uad challenging. Mo feo gatmet һауе Шы tame dite sad 
there еге 3 кесі of difficuRy 


NOMINOES JIGSAW (Atri, Apple and TRS-BÓ ва) Price: £16.99 Сатера 0530.95 Оц» 
А раз puzi on yir computer! Comper тін purzie by selecting your pieces [rom а mbi conslicing 
of & differen} chaps MOMINORS ЛОЗА шош утесы programming fifo, The graphic ыт 
sppertative and the parie wil challenge you adib ti Cares Wels of difTicairy %согілд ls based upon Ust 
number of pen Lakes and by йы (ЯН елігу of che board мз. 


MONARCH (Atari ому) Price: 931.95 Сълне М жіне 
MONARCH ы в fucinauing слеті simulation requariag тоз bo aurvine un Boyer ure м your uh- 
Чав'з leader. You determioe tbe auti АГ acreage devoord os Бааша шы) agriculture] іы, bow 
much food to distribute to ihe populece and bow much ihoaid bx them сө рало ғала. You wal 
Пой thet АҢ decktiona Барни & Сюй апды ілі thet Uis nci тыгу го make everyone tuor. 


CHOMP -<OTHELLO (Atari сай) Priori 811925 Саше $15.99. Diele 
PROMP OTHELLO? liy стану eng сетер patres in де CHOMP із айат ір coser із МЫ: 
you wort biir eut? part of a cootue, but ауа taking ibr жойы ponian OTHELLO В the popular 
board pire sut ko [alir әйкес the A kai n өш ИНЕ capability. 10 ін misa vary hard sa teat! ТЫл расце 
wil] run on a idk pito. 


DYNACOMP OFFERS THE FOLLOWING 


e Widest variety 
e Guaranteed quality 


= Fastest delivery 
e Friendly customer service 


e Free catalog 
s 24 hour order phone 


AND МОНЕ... 


STARTEEK 3.2 1А тае for ай computer Price: $11.29 Comener$13.95 Ги 
Thi a ibr сінеіс Startrek suialsiion, but etb сатаны ағы боге. Few тілінің, the Klingons ww 
Wot gi Ше Бамгром мш maming айца aan éuacking sarhaus in ccr quadra. The 
Ира abso aagi with both Light amd heavy creert aad нтеп elm shot alt Тіс situstioa o ficuc 
won Шы Еметргім із Шектй by thier envy craen and a фазе 5,0,5. № етте The Kiinpom 
yet rren) See (ме аги сүзген іп A, NA LO.O.. 0 Sorry Critique ami Game Метсімлдиілд. 


BLACK HOLE (Арі miy) 
Th н an acing graphical илы of ile probia Биби kn closely obuteving a black hole with 
а apace probe, Tha tract la to andar and аиша, for в prescribed Uret, an orbit owe ш баспай tech 
hole, This la vo be achieved without corsing so eeu Ure anomaly tas Che Lida! stress destroys the probe. 
Сочиго of ibe craft le realisibcully атш sing pde jew Ли toinn ond main hrusan for eccriers- 
tton. Тен program employs Hi-Res graphic: asd ін educational es well as challenging. 


SPACE TILT (Apple and Atari only) Pelee: 510,95 Caustis /$14.99 [Mob este 
Use the puse ребез to ӨН tbe plage of the ТҰ тес to "ro" а Тыш ші ә bale m the acresn. Бокой 
umpc? Мез wien тік hole gety smaller and иы! A Әмін-іп gaes allows you іе тәнге vour shall 
шап пес. im ihis Васе action pare. 


MOVING MAZE (Appia saly) Price: $18.95 Сәні Ы. Баден 
MOVING MAZE «лүү the pesos раде io тегі а pect mom one side al a mam іс the miber. 
Hpne, tbr manc із 4үнмжігейу [and randeenly) Өшір ай Ls comdnaally bang modified. The obp- 
імен Lo cross Gee mure нын teuching (с? Би ҺИ iy) a wall. Scoring № by an емрле Hegy iti- 
ёжывг, and larer levels of pity ars provided, 


ALFHRA FH:HTER (Aturl шыу) 
Tes caccicot paphia and action programs іп one! ALPHA РКІНТЕК soquites yog 19 dorop ter 
aljen мати paying throiyl your actor af the galaxy. ALPHA BASE у in бе paih of an міні UFO 
invaabon; Ін (ive UPC pet by and tbe gant enda. Docs games roter Ube |стикі and grt progreuanee- 
ig more difficuh the higher you score! ALPHA FIGHTER will гия on 16% mrema, 


THE RINGS DF THE EMPIRE (Atari cuir) Wricei $15.79 Сы. T Diskette 
The etapie has developed a maw baule staan protected by есімін nhge nf energy. Each tine үзө 
Ман Шаһ the гарь and deurey the mauoa, the empis develops & ore KADAS ЧАГА mare protective 
Пар, This cucting pime гила вл LEX eysiems, eaplon ілимін graphics amd өлемі and can bc 
played by ons or two рум, 


INTRUDER ALERT (A teri эму) Price; THAS Салаат 120.94 Быдан 
Thra than кеі ҰМ Eon oi id ilar тарды? hurving іші polen 
өсе. ж-е. Тег го have bacon кіргені amd are ігесмі  dewroy yon м аЙ сым. You mua find and 

yous «hip ta escape with rhe puse. Five ierch of difficity шт provided. INTRUDER ALERT ro- 
Га V run a 16К сумела, 


кытылы nm only) Prides 334.95 Санны 118.84 разе 
action game is guarsnéeed ыд! Lise ube клик № сого! your path through 
т icti а тач она анг 1 [шучы же] = on 
ышан шім? players ar simply пша practice rum араһын (һе cinch ТИ АМТ Ed ІЛІМ will rum an МЫС 


Tries: БЫ РА Сыланып $10.94 Ошо 


TRIFLE BLOCKADE (Atari сауу) 


Frica: ЕМІН Смена йт м Одне 
TRIPLE BLOCKADE В п кезендік player paphia ный wound mion game. И із bered on ihe 
chasse video arcade game which ғай мес enjoyed. Шип ibe Alar joymicks, (he bie и іш десі 
your blockading line around (he scrosn without running inky уор oppontatid, Alt vom: Ur otra 1» 
simple, the combined graphics wed sound cffact lead to "high mety’. 


GAMES PACK 1 (Атаа for all стри) Price: $40.04 Cumis /$14 ВУ ініме 
CAMES PACK | conmins тін classic campur games of BI ACKJACK, LUNAR LANDER, CRAPS, 
HORSERACE, SWITCH and там. Thess дали» eave мед combined ыча сны large prrsgram for таље 
in шыш. They are ілігу tially кушкан by а onavemjari mene This podection h топа ior pries мн 

far ie D'YNACOMP version of BLACK SACK. 


GAMES PACK H (Avaliable for all computers) Price: $994.98 Cosnetia; $14.99 Dish efte 

GAMES PACK И inzhades tbe pume CRAZY ÉKJHTS, OTTO, ACEY-DUCEY, LIFE, WUMPUS 

und wher, Аз with GAMES РАСХ І, al! tha расыз ore кені ал noe progrun aud ate called Pres a 
pus, You "Ш particularly enjoy DINACOMP's version of CRAZV EIGHTS. 


Why рау $7.93 or more per program when you cun kup в DYMACOMP сошасбен for jun 110,927 


MOD Se а гей ) Варе: 181,65 Comat 5 99 Байым 
Thi М dh teney challenging "1 program, Ты: шағ riu dtap from оі te land ый 
аа Фр то ги You control dur битых und птіктілісі of your craft ріп 
direct une ruis uf deut amd approach angle, 


ADVENTURE 


CRANSTON MANOR ADVENTURE (Noríh Siar sad CP/M өшү!) Pei: $21.95 аты 
At dati A comprehenalye Adveniurs game For North Sur and СР/Мауиспи, СААМЕТОН МАМОВ 
ADVENTURE takes you into шүнегісі» CRANSTON MANOR where you mimg ie gather 
fatvulous Lressu tes. Lierhing in the manor are wild animals and robot who will pot give up the marire 
wahoo $ fight Tha number of rorums |; greater and the associated Geectiptians ate moth more 
vistbotele Lan the current popular wries ef Adveniure рєш апл, making thus pume the ing Lo ita class 
Play cm be stopped gx amy ішке ard the тану plated om dükrtis. 


ABOUT DYNACOMP 


DYNACOMP И a leading dixtriburor of атпа күзеті software with sales spanning the world 
{currently in excess of 40 countries). During the past two ycars we have рлу enlarged the 
DYNACOMP product line, but һауе maintained and Improved our high level of quality and 
cusipmer mipport. The achievement in quality із apparent [rom oor many repeat cutiomen 
and the software reviews in such poblications as COMPUTRONICS, BO Software Critique 
and A.N.A.L.O.G. Our customer support ia as close ag your phone, ІІ ін siways friendly. 
The staff ia Highly trained and always willing Lo discuss products ar give ие, 


“АТАН, PET, TESJO, WORTNSTAR. CRM өсі (BM өт о гел trees вла у 
реферат. 


“TRS giskeiiés өле nox гарой iwi DOS эт BASIC. Circle 129 on inquiry card. 


BUSINESS and UTILITIES 
SPELLGUARDIM (CP/M ашу} Priv, іме 
S Dg 
SPELLOUAREI н и evolutionary көт product which етеди Um ніш of Әкеге würd promy 
STAR. МАЕ Ww D. ELECTWC PENCIL, ТЕКТЕП EDITOR. 01 ted ater “лес catre) em eru, eos. 
SFELLOUARD rapidty ima Ша шат ш climinssing pulla and typegripticn errors by comparing wach ward pl rhe 
Urt ария а duci Lon) (елралбіз Мед gi prer 0 000 а/ фе mage chitata Радай words. Words өрренгінд іш tbe пез) byi пой 


Ташый m Urt dicuonany iik "lagu тк ғау nnd euxrrmectiung . All net. кбзбілінігей алаг 
стема сареи еШ be ahis ыл ute SPELLCZAJARD а ъа = иш ee 


MAIL LIST 2.3 (Дура, Auri nad Мена бізг Шым вауу) 
Tha program а wumsictad ie aM М sors marion е кісе” af dms on oa ditto umm в Е 5А 
merging oí Mond s tuque ep pe edi à тану MM etude сірімініш өрі гір гой vari label praniog, 
redes. Мый Lin, 1.2 will rer (ыл and dele Шарасы marit. А rere "ЫШЫ ка "e 
FORM LETTER SYSTEM FLEA 
Со alle LN UM, ih Feci: Ets ырыуы cols] тесті ті 
eee нін PLS ia comiemir connperibls wilh МАШ. 157 1.3, wich ig Dt ымы ро GM ARM 


FLS emi МАН LIST 2. aiv avatiabie аз а елімді package For 149 93 


Frat (SSS шднде 
SORTIT ü a диана рон жап тесла тона Ш BOR деть лада. This prenta will seri уй! data. files 

homeless р bays шир бн Пар UPLETUUETU ELT 
EL ETT MAT коб эма (ыз рее by ОТНАСОВРА MAIL LIST prem nad i very ёетый inis сарона {ш 


PERSONAL FINANCE SYSTEM (Alan көй North Вых ар) Pria: R34, P4 Linum 
PFS kt à машу йі біт, meenu-orbrmaed үүн. (арык БР um difirnms progres Бекіту гур pies газет өлгі ша 
Обу nma, FPS «di von той rummaztnr erpenaes by prye, бізі dispury laformanuam on espendiusha by any of 28 кып 
dà finest conden by mos ov by payne. PFS wu) «vr produce mamil her graphs oF your capenars Ьу category! Thon раза ГЫ 
parker requires only оге (uk dires. minimal memory (MK Аган, ЛЕК Novth Sus) amd will Hore op to 600 records pex disk 
Іама cree 1000 racoeda per risk іу walking y ira vemple changes so the grogramee). You cun гили cheka quaa cash tenenan с 
Uhal узы тыл ПО ме wha your memey pres &há «Draper фанер andi тыйын hae calculedocd 


FAMILY SUDGET E Price: ХМ шығы 
Thu FAMILY a іе try cocta Тас! тийдин progres. You wil be alir jo berg track nj nah and 
cred? expendiicnes #1 түй ы tuum па а Шы hel. Vou ға tected tas dosis (umm and сынаб брод. The 
Hor [ren > 4 ess yes re e ч 
an Gx EEE (sl ex ma 49. td ші accu. Cena la ғай иет] Het шыт галу 
CARIO та um тїйєт complicated (and uncepaniseti) көй мі. 


THE COMMUNICATOR (A tart вау) Елен 148.93 Deere 
The ийги расада сотілім п mammdi collecting of programe for (кейінгіні асі Peo way commen 
trough в fal dupie molcm ера fot ow} Ш ase mode of устами pou may cones (э а du Weir 84, Ths 
SOURCE ur Мелом bad quxkly load dam suck ал қыза досын 0015 pour бшім for Шыз viremg. Там режу nt- 
Genel “Commer ome" abd eii Uer загека charge Tou ыу Шы record Et сетуһе гаити of & conmaxpdous мөп. 
Ачай». programs гіне is BASIC, FORTRAN, өзг. шау be buih oiling ming D. tuppon (езі ediioe ызй aker "agp 
Алайын 12 anch сотца, making ike Atari в very мтап urmjnsl Етер Алы BASIC pcenam ner be upiombai, Par- 
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Players: customer, Server, cashier | 
Props: restaurant, table, menu, food, check, payment, tip 
Actions: 

Customer goes to restaurant 

Customer goes to lable 

Server brings menu 

Customer orders foad 

Server brings food 

Customer eats food 

Server brings check 

Customer leaves lip for server 

Customer gives paymant to cashier 

Customer leaves restaurant 


1. 
2. 
3. 
4, 
5. 
B. 
T. 
B. 
9. 
0. 


E 


Table 1: А restaurant script for the SAM program. 


and, therefore, anything that cannot be proved must be 
false. 

The world that people deal with in everyday conversa- 
tions is extensive, complex, and largely unknown and 
unknowable. To use natural language to converse about 
the real world, more sophisticated methods are needed, 


Systems with Knowledge of Ordinary Situations 
One of the more interesting attempts to deal with or- 
dinary hurnan situations, in contrast to interfacing with a 
data base or a model of a microworld, was made by 
Roger Schank and Robert Abelson, aided by their 
students at Yale University. Their system, SAM (for 
Script АррПег Mechanism), as described in reference 22, 
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Circle 387 on Inquiry card. 


was built to cope with certain kinds of everyday prob- 
lems. For example, the system is told the following story: 


John went to a restaurant. 
He ordered the lamb. 

He paid the cashier and 
left the restaurant. 


Then the system is asked: 
What did John eat? 


It might seem trivial for a system to answer that John ate 
the lamb—but nowhere in the story is this explicitly 
stated. Nor is it directly deducible from what was said, 
To understand the story, the system must have both 
knowledge of what usually happens in restaurants and an 
ability to apply that knowledge to particular situations, 

Schank and Abelson encoded SAM's knowledge about 
everyday situations in formal constructs called scripts. 
The information contained in a script about restaurants is 
shown in table 1. It includes a list of players who раг- 
ticipate in the normal routine of a restaurant, a list of 
props supporting the action, and a sequence of generic 
actions that characterize what usually happens when a 
customer visits a restaurant. 

The information in this script can be used to support a 
variety of commonsense-reasoning tasks, including a re- 
ply to the question, "What did John eat?" The processing 
is as follows: the system identifies “John went to a 
restaurant" with action 1 from the script. In doing this, 
John is assigned the role of the customer. The system 
identifies "He ordered the lamb" with action 4, assigning 
the role of food to "the lamb." (Notice that with "he" 
referring to John, the customer is the same in both actions 
1 and 4.) "He paid the cashier" is identified with action 9 
and "[he] left the restaurant" with action 10. 

Although not all the actions in the script were explicitly 
mentioned, it is reasonable (but not strictly necessary) to 
assume that they happened nonetheless. In particular, ac- 
tion 6, the customer eating the food, probably did hap- 
pen. Moreover, because the entities playing the various 
parts in the script remain constant throughout its enact- 
ment, the system assumes that, for this particular visit to 
the restaurant, the customer in each action is John and 
the food is "the lamb." Therefore, action 6 particularizes 
to "John ate the lamb," providing the answer to the 
original question. 

Information in scripts сап be used for more than just 
answering questions; it can also be used to produce 
"paraphrases" of a story. For example, SAM can convert 
the original story: 


John went to a restaurant. He sat down. He got mad. 


He left. 
into the “paraphrase”: 


John was hungry. He decided to go to a restaurant. He 
went to one. He sat down in a chair. A waiter did not 
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go to the table. John became upset. He decided he was 
going to leave the restaurant. He left it. 


This restatement is not a true paraphrase because it adds 
many details based on speculation about what happened, 
But such an ability to speculate on the basis of knowledge 
about how our everyday world is structured is the very 
feature that makes SAM interesting. 

Much of SAM's knowledge is not about natural 
language at all, but about our everyday world. ЗАМ 
demonstrates that understanding natural-language stories 
about mundane actions requires more than a knowledge 
of language—it requires a knowledge of the world. The 
more language is studied, the more apparent it becomes 
that fluent communication in natural language is a pro- 
cess of the total intellect. Language, thought, and 
knowledge are inextricably intertwined. 


Limitations of SAM 

SAM's scripts provided one of the first mechanisms іп 
a language processor for dealing with the structured se- 
quences of actions that make up much of ordinary life, 
but they suffer from a number of limitations: 


eOnly a single object can serve the role of player or 
prop. This makes it impossible to handle stories about 
restaurants with many tables, customers, or servers. The 
problem of figuring out what the phrase "the customer" 
refers to becomes trivial because there can be only one 
customer. 

e The actions in a script follow a strict linear sequence, 
making it impossible to deal with alternative possibilities, 
simultaneous or overlapping actions, or a repetition of 
actions. 

elt is difficult to determine which particular script or 
scripts are appropriate for understanding a given story. 


The TDUS System 

The SHRDLU example discussed earlier suggested the 
potential richness of interactive dialogue in context. The 
SAM example showed how inference (ie: filling in the 
blanks regarding what was implied, as well as what was 
explicitly stated) is essential in understanding natural 
language. To determine how knowledge-based inference 
and dialogue management interact, as well as work 
toward solving a problem of practical value, a group of 
researchers at SRI International investigated cooperative, 
task-oriented, man-machine dialogue (see reference 19), 
They developed a system called TDUS (Task-Oriented 
Dialogue Understanding System), which had the goal of 
communicating with a human apprentice about repair 
operations on electromechanical equipment. The key 
research problems considered concerned how to encode 
knowledge about the repair operations and how to follow 
the context of a dialogue as the apprentice moved from 
task to task in the course of performing a repair opera- 
tion. 

Іп TDUS, information about how various tasks can be 
performed is recorded in data structures called pro- 
cedural networks (see reference 21), which can be viewed 
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Figure 6: А procedural пе! for the process of installing a pump 
for an air compressor. 
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Figure 7: A procedural net expanding an action referenced in 


figure 6. 
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Figure 8: А procedural net that contains actions repeated іп а 
loop. 


as generalizations of scripts, Simplified procedural nets 
are shown in figures 6, 7, and 8. For example, the net of 
figure 6 indicates how installing a pump for an air com- 
pressor can be divided into a number of subtasks, The 
first subtask is to attach the pump to the platform. Once 
this is done, either the aftercooler elbow or the brace is 
installed. Once the aftercooler elbow is installed, the 
aftercooler is installed. Once the brace is installed, the 
pulley is installed. When both the aftercooler and pulley 
have been installed, regardless of the order accomplished, 
the task of installing the pump is complete. 
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SUBTASK SUBTASK 
А В 
TTTT TTTTTTT ТТТІТТ TTTTT 


TTTTTTTT TTTTTTT TTTTTTT TTTTTT 
TITT ТТТТТТТТТТТ ТТТТТТ, 


А AAAAAAAAAAA ААААА ААА 
AAAAAAAA AAAAA ААА ААААААААА 
ААААА ААААА AAAAAAAAA АААААА 
AAAAAAAAAAAAAAA ААААААААА А 
ААААА AAA ААААААААА АААААААА 
AA AAAAAAA AAAA AAAAAAA, 


SUBTASK 
A 


TASK 


ТТТТ ТТТТТТ ТТТТТТТТ ТТТТТ 
ТТТТТ ТТТТТТТТТТТТ TTTTT ТТТТТТ. 


BBBBBB BBBBSB BB ВВВВВБВВВ 
BERB ввава ВВВВЕВВВВ BB BBBBBEBB 
BBBBBBB BBBBBBB вве ЕВВЕВ BBSBBB 
BBBBB ВВВВВВВВ BBBHBBBBBBB ВВОВ 
BBBB BBBBBBBBB ВВВВВ. 


SUBTASK 
B 


Figure 9: The structure of a task (top) is reflected in the structure 
of an English dialogue about the task (bottom). When discussing 
the task, descriptions referring ta the overall task (the two 
paragraphs of the letter T) are interspersed with the paragraphs 
of text referring to subtask А and subtask B. 


Much like a script, the procedural net associates an ac- 
tion with a number of subactions. However, as opposed 
to the strict sequence of actions in a script, the procedural 
net imposes only a partial ordering on subactions. 
Moreover, subactions are usually associated with pro- 
cedural nets of their own, which specify in yet greater 
detail how tasks are divided. For example, the "attach 
pump" action referred to in figure 6 is described further in 
figure 7, while the "secure with bolts" action referred to 
in figure 7 is described further in figure 8. The net of 
figure 8 contains a loop specifying the repeated procedure 
of using a wrench to tighten each boit, 

As mentioned earlier, a major problem for natural- 
language processing systems is following the dialogue 
context and being able to ascertain the referents of noun 
phrases by taking the context into account. Іп preparing 
to build the TDUS system, Barbara Grosz collected a 
number of dialogues between human experts and appren- 
tices performing repair tasks (see reference 8). After con- 
structing procedural nets for the tasks, it was discovered 
that, as a general rule, the structure of task-oriented 
dialogues closely follows the structure of the nets 
representing the division of the task itself. Ав shown in 
figure 9, if a task divides into subtasks А and B, the 
dialogue tends to start with general information about 
the overall task, then enters a subdialogue about subtask 
А followed by а subdialogue about subtask B. 
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Of greater interest is the fact that referential expres- 
sions tend to refer to objects salient in the current subtask 
or higher in the task hierarchy, but generally do not refer 
to objects in sibling subtasks. For example, if in the 
dialogue of figure 9 a wrench W, is mentioned in one of 
the initial utterances before entering subdialogue А, and 
if a second wrench W, is mentioned within subdialogue 
A, the phrase "the wrench” uttered іп subdialogue B more 
likely refers to W, than to W,—even though W, was 
mentioned more recently, (This is clearly in violation of 
the rule used by SHRDLU in interaction 5 of listing 3.) In 
this regard, referential expressions in natural languages 
tend to follow much the same conventions as do variable 
references in block-structured programming languages 
such as ALGOL and Pascal. But the block structure of 
natural language is not indicated explicitly. 

TDUS's ability to follow real-world tasks and deal with 
shifts in both the linguistic and physical context is il- 
lustrated in the transcript of listing 6, which relates to in- 
formation contained in the nets of figures 6 through 8. 

In interaction 1, the apprentice sets the stage by speci- 
fying what action is being done. This allows TDUS to 
pinpoint the location in the INSTALL-PUMP net where 
the apprentice appears to be. In interaction 2, the appren- 
tice refers to a bolting action and a wrench used in that 
action. Neither of these is in the top-level representation 
of the ATTACH-PUMP net, but they both occur in the 
subordinate net of figure 8. TDUS finds this subnet and 
determines that no other relevant subnet refers to a dif- 
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ferent bolting action. Therefore, the system responds by 
specifying the wrench mentioned in the net shown in 
figure 8. 

In interaction 3, the apprentice asks for the location of 
the bolts. TDUS does not operate under the closed-world 
assumption and realizes that there are some things it does 
not know, Luckily, the user finds the bolts in interaction 
4, 

[п interaction 5, the apprentice refers to "the wrench." 
TDUS determines that the reference is to the wrench men- 
tioned in interaction 2 and tells the apprentice its loca- 
tion, Іп interaction 6, TDUS resolves "it" as pertaining to 
the same object. 

In interaction 7, the apprentice tells TDUS that the 
pump-attaching operation is completed, The system in- 
fers from this that all the constituent subtasks have also 
been done. To make sure, it reviews these assumptions 
for the apprentice. This filling in of intermediate steps is 
much like that in the SAM examples. 

In interaction 8, the apprentice poses a logically com- 
plex question involving the modal concept "should." 
TDUS's rudimentary notion of "should" interprets the 
question as asking whether the action mentioned is com- 


Listing 6: Ап actual conversation with the TDUS system. With 
this system, the computer supervises a task performed by а 
human apprentice. Human input is shown in boldface. 


1 — I AM ATTACHING THE PUMP. 
OK. 
2-- WHICH WRENCH SHOULD I USE TO BOLT IT? 
USE THE BOX-END WRENCH. 
3— WHERE ARE THE BOLTS? 
I DON'T KNOW. 
4 — I FOUND THEM. 
OK. 
5-- WHERE 15 THE WRENCH? 
THE BOX-END WRENCH IS ON THE TABLE. 
6 — I FOUNDIT. 
OK. 
7 — I ATTACHED THE PUMP. 
OK. 
THE FOLLOWING HAS BEEN ASSUMED: 
YOU PUT THE PUMP AT THE PLATFORM. YOU BOLTED THE 
PUMP TO THE PLATFORM WITH THE BOLTS. 
B — SHOULD I INSTALL THE PULLEY NOW? 
NO. 
THE NEXT STEP IS: 
INSTALL THE AFTERCOOLER ELBOW ON THE PUMP 
OR 
INSTALL THE BRACE ON THE PUMP. 
8 — IM DOING THE BRACE NOW. 
OR. 
"DO" 15 ASSUMED TO MEAN: 
YOU ARE INSTALLING THE BRACE. 
1d — I'VE DONE IT. 
OK. 
"DO" IS ASSUMED TO MEAN: 
YOU INSTALLED THE BRACE. 
THE FOLLOWING HAS BEEN ASSUMED: 
TOU PUT THE BRACE AT THE PUMP. 
TOU SECURED THE ВВАСЕ, 
1] — IVE INSTALLED THE PULLEY, 
OK. 
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patible with one of the possible next steps in the 
procedural-net model of the task at hand. Since it is not, 
TDUS answers in the negative, but goes on to outline the 
range of acceptable alternatives at this point in the pro- 
cess. 

[nteraction 9 is of considerable interest in that it con- 
tains the pro-verb "do." This is a reference to some action 
involving the apprentice and the brace. But the action is 
not completely specified. By examining the procedural 
net, TDUS determines that the likely thing to do with a 
brace in this context is to install it—so TDUS makes that 
assumption and reports it to the apprentice. 

Interaction 10 demonstrates TDUS's ability to com- 
prehend an extreme case of contextually dependent use of 
language. Neither "done" nor "it" conveys much infor- 
mation. Here, “it” refers not to some object in the world, 
but to an action previously alluded to by the phrase "do- 
ing the brace." 


Limitations of TDUS 

TDUS exhibits a reasonable understanding of the in- 
terplay among various types of possible real-world ac- 
tions, and it can follow the evolution of particular instan- 
tiations of those actions. However, it has little under- 
standing of the goals and motivations of the apprentice 
with whom it holds conversations. 

Ал exchange well beyond the capability of TDUS is 
shown in the following actual dialogue between a novice 
and an expert mechanic: 


1. WHAT DO I DO NEXT? 
REMOVE THE BOLT. 


2. HOW DO I GET IT OFF? 
USE THE RATCHET WRENCH. 


3. WHAT'S А RATCHET WRENCH? 
IT’S ON THE TABLE. 
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flax mounting arrangement е Superior head load dynamics 


Precisa lead screw actuator e Fast access time — 12 ms track-to-track е Low 
friction and minimum wear ® Low power dissipation 

Additional features е Industry standard 5%" media format ® ISO standard write 
protect Door lock out for media protection e Requires OC voltage only е 
€ Chain up to 4 drives е Heads load on command independent of loading 
media 

Product Specifications 


Performance Specifications ә Capacity: Unformatted: 437.5K or 500K bytes; бите 
Formatted: 285.7K or 327.7K bytes * Recording Density: 5456 BPI e Track Den- 
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sity: 48 ТА ® Cylinders: 35 or 40 е Tracks: 70 ог 80 е Recording 
Method: FM ог MFM е Rotational Speed: 300 RPM е Transfer Rate: 
250K bits/second e Latency (avg.): 100 ms e Access Time: Track-to- 
track 12 ms; Settling 15 ms ® Head Load Time: 50 ms 


The Data Tr ak 9 double-sided double-density drive uses 
state-of-the-art technology to give you superior data integrity through im- 
proved disk life, data reliability, and drive serviceability. 

Оите'ѕ innovative approach to controlling head load dynamics yields wear 
characteristics far superior to competitive drives. In independant evaluation, 
Data Trak Bis setting industry standards for tap test performance. This superior 
wear performance produces savings on both disketle usage and drive 
maintenance. 

Improved data reliability, resulting trom superior amplitude and bit shift 
characteristics, optimizes operator efficiency and reduces processing time tor 
end-users. 

And Data Trak's unique modular design means simplified field servicing for 
you and your customers. 


Design Features 
Expanded storage capacity e Two-sided, double-density 


Fully ІВМ compatible • ІВМ 3740 and System 32 drives * ІВМ 3600 and 4964 
drives е (BM System 34 drives 


Proven head carriage assembly + Ceramic head with tunnel erase ® Dual-head 
flex mounting arrangement € Superior head load dynamics 


Fast, precise steel belt drive e Fast access time — 3 ms track-to-track e Low 
friction and minimum wear ® Low power dissipation 


Additional features е ISO standard write protect е Programmable door lock e 
Negative DC voltage not required е Daisy Chain up to 4 drives e Side-by-side 
mounting in standard 19" AETMA rack е Compalible with Shugart 
SAB50/SABS1 


Product Specifications 
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Density: 48 TPI e Cylinders: 77 е Tracks: 154 е Recording Method: 
МЕМ е Rotational Speed: 360 RPM е Transfer Rate: 500Kbits/sec- 
ond ө Latency (avg.): 83 ms ® Access Time: Track-to-track 3 ms; 
Settling 15 ms; Average 91 ms ® Head Load Time: 35 ms е Disk: 
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Well have cake 
as soon as Tne 
children wash 


Figure 10: A sentence that conveys different information to dif- 
ferent people. 


The key point to note here is that, in interaction 3, the 
response is not a direct answer to the question. If TDUS 
could answer this question at all, it would likely respond 
with a dictionary definition such as: “a tool for grasping 
and turning the head of a bolt, consisting of fixed or ad- 
justable jaws mounted on a pawl that is engaged by the 
toothed end of a gripping bar." The person who 
answered query 3 understood the motivation behind the 
question. lt was asked so the inquirer would know the 
description of a ratchet wrench, so he could find it, so he 
could grasp it, and so he could use it to remove the bolts. 
Understanding the inquirer’s hierarchy of goals, the 
respondent addresses one of the goals closer to the end of 
the chain (finding the wrench), The cooperative respon- 
dent saves the inquirer the trouble of taking the step of 
locating the wrench from its description. 


Beyond Current Systems 

Researchers in computational linguistics have only 
recently begun to appreciate the impact on natural- 
language communication of what the participants in a 
conversation know about each others knowledge, 
beliefs, plans, and goals. To appreciate the importance of 
such knowledge, consider the situation illustrated in 
figure 10. 

À young mother is giving a birthday party for Junior, 
and Grandma has come to help. Grandma's task is to 
light the candles on the cake, so she asks, "When shall 1 
light the candles?" The mother replies, "We'll have the 
cake as soon as the children wash their hands," which in- 
forms Grandma that it will be about five minutes. The 
mother knows that the big-eared kids are listening, so she 
phrases her response to serve multiple purposes for multi- 
ple audiences, With her one statement, she tells Grandma 
when the candles need to be lit and, in a nice, indirect 
way, tells the children to get their dirty hands washed. 
She knows that her response to Grandma will serve this 
purpose because she knows that: 


38 September 1981 © BYTE Publiratione Inc 


ethe children want the cake 

e her response to Grandma will convey to them the infor- 
mation that all that stands in the way of their getting it is 
to wash their hands 

eif they know that all that stands in the way of their get- 
ting cake is to wash their hands, they will perform the 
ritual forthwith 

eit takes them about five minutes to wash their hands 


Similarly, Grandma now knows that she should light 
the candles in Нуе minutes because she knows that the 
mother knaws all the circumstances just outlined and that 
the mother knows Grandma knows that the mother 
knows it, Thus, Grandma infers that the mother expects 
her to understand that the children are being told to wash 
their hands, that they are motivated to do it right away, 
and the result five minutes later will presumably be 
washed hands reaching avidly for cake. 

No system is currently capable of handling language 
with this level of sophistication, but a number of re- 
searchers are actively engaged in studying the various 
problems involved; see references 3, 5, 6, 7, 13, 14, 16, 
18, 23, and 27. Much of this work is concerned with the 
difficulties of interpreting not just what is literally said, 
but also of establishing the underlying intention. Should 
this work succeed, systems may be capable of the kind of 
reasoning indicated in listing 7. 

The examples of the locked toolbox and the birthday 
party support a central point: communicating in natural 
language is an activity of the total intellect. Seen in broad 
perspective, the use of natural language can be placed in a 
general framework that seeks to account for all human 
activity, Within this framework, humans are seen as in- 
telligent beings motivated by complex sets of goals they 
seek to fulfill by planning, executing, and monitoring se- 
quences of actions—some of which are physical, some 
linguistic, That is, uttering a sentence is just as much an 
action as taking a step or taking a bath, Whereas the 
usual purpose of a physical action is to alter the physical 
world, the usual purpose of a linguistic action is to alter 


Listing 7: An imaginary conversation with a TDUS-like system 
showing the possible behavior of a computer system that reacts 
to human needs in a way not currently possible by existing 
systems, 


USER: 
SYSTEM: 


THE TOOLBOX IS LOCKED. 

(WHY 1S HE TELLING ME THIS? I ALREADY KNOW 
THE BOX 16 LOCKED.) 

(I KNOW THE USER NEEDS TO GET IN, PERHAPS HE 
IS TELLING ME THE BOX IS LOCKED BECAUSE HE 
BELIEVES 1 CAN SOMEHOW HELP.) 

(TO GET IN TAKES A KEY. THE USER KNOWS THIS 
AND KNOWS I KNOW ІТ. THE KEY 15 IN THE 
DRAWER. IF THE USER KNEW THIS HE WOULD 
JUST UNLOCK THE BOX. THEREFORE. HE MUST 
NOT KNOW IT.) 

(I CAN MAKE HIM COME TO KNOW IT BY SAYING 
"THE XEY IS IN THE DRAWER." I AM SUPPOSED ТО 
HELP. 1 WILL SAY IT.) 

THE KEY IS IN THE DRAWER, 
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the mental states of the hearers. In the latter case, the 
desired modification may be to add knowledge, change a 
mood, or establish a new goal for the hearers. 

A speaker may plan and execute linguistic actions to 
change some aspect of а hearer's mental state, not as an 
end in itself, but as part of an overall plan to achieve 
some more ambitious end. Just as a child might push over 
the first domino of a long row to make them all tumble in 
sequence, a lifeguard at the beach may yell "Shark!" at 
swimmers to set off a chain of reasoning in their minds 
that will result in a mad dash for the shore, which is the 
lifeguard's intended mechanism for accomplishing the 
primary goal of preserving life. 

Given this view of how language works, it becomes 
less important to ask what a given utterance means (what 
does "Shark!" mean?) and more important to ask about 
the effect it produces. People in advertising have an ex- 
plicit understanding of this concept, but all of us use it 
implicitly when we understand the agony conveyed by 
the string of curses uttered by the handyman who 
smashes his finger, and when we realize that our friend's 
question, "Do you know the time?," deserves more than 
a “yes” or "no" answer. 

The understanding of poetry can even be cast in this 
mold. The poet deliberately triggers certain chains of in- 
ference in readers. Indeed, an important element in the 
appreciation of poetry is the reader's awareness of the in- 
terplay among the inference chains followed, the chains 
followed partway that turn out to be not quite ap- 
propriate, and the surface meanings of the sentences com- 
prising the poem itself. To experience this, just consider 
the title of T S Eliot's роет, "The Love Song of J. Alfred 
Prufrock." 


The Nature of Natural-Language Research 

The previous sections discussed the capabilities and 
limitations of specific natural-language processing 
systerns. But it must be recognized that these systems are 
merely spin-offs of the underlying science. In essence, 
most researchers in this field do not think of themselves 
as engineers seeking to evolve better natural-language 
processing systems, but rather as scientists concerned 
with the following related problems: 


@identification of sources of knowledge necessary for 
understanding or generating natural language 
@discovery or devising of mechanisms for encoding and 
applying such knowledge in a mechanical device 

e creation of integration frameworks to control and coor- 
dinate the application of a variety of knowledge sources 


Once sources of knowledge have been identified, whole 
subdisciplines come into being to study the associated 
bodies of knowledge, their structure, and methods for 
their computerization. Some of the major knowledge 
sources are discussed below. 

Lexical knowledge concerns individual words, the 
parts of speech they belong to, and their meanings. 

Syntactic knowledge has to do with the grouping of 
words into meaningful phrases. For example, syntactic 
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knowledge distinguishes between the following two 
sentences: 


NAME THE PARTS OF THE PUMP THAT WAS 
FIXED BY JOE, 
NAME THE PARTS OF THE PUMP THAT WERE 
FIXED BY JOE. 


Іп partícular, it is the syntactic number distinction be- 
tween WAS and WERE that indicates whether the pump 
or the parts were fixed. 

Syntactic ambiguity is a common source of trouble in 
natural-language processing systems. For example, deci- 
sions about where to associate the prepositional phrase 
"on the table" in: 


PUT THE HAMMER IN THE TOOLBOX ON THE 
TABLE. 


can lead to any one of the interpretations: 


PUT THE HAMMER THAT IS IN THE TOOLBOX 
ONTO THE TABLE. 

PUT THE HAMMER INTO THE TOOLBOX THAT 
IS ON THE TABLE. 

WHILE YOU STAND ON THE TABLE, PUT THE 
HAMMER INTO THE TOOLBOX. 


Compositional semantics is the knowledge of how to 
compose the literal meaning of large syntactic units from 
the semantics of their subparts. Its utility is illustrated by 
the pair of sentences: 


THE MAN HELD THE NUT (with a wrench). 
THE WRENCH HELD THE NUT. 


These two sentences are syntactically identical, but the 
subject of the first sentence is the agent of the action 
"hold," whereas the subject of the second is the instru- 
ment used by the agent. The lexical entry for the verb 
HOLD indicates that it is used to refer to actions in which 
an agent (usually a person) using an instrument exerts a 
force on some physical object. The syntactic subject of 
the verb might refer either to the agent or the instrument. 
But the semantics of HOLD indicate that these roles must 
be filled by objects of mutually disjoint classes of objects. 
Utilization of this knowledge allows a system to assign 
the role of agent to THE MAN, but assign the role of in- 
strument to THE WRENCH. 

Discourse knowledge concerns the way clues from the 
current context are used to help interpret a sentence. For 
example, if we have just been talking about this month's 
issue of BYTE, the noun phrase “the magazine” in: 


I'VE ALREADY READ MY COPY OF THE 
MAGAZINE. 


is easily understood in this context as referring to this 
month's issue of BYTE. Yet, we often have personal 
knowledge of hundreds of issues of various magazines, 
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Figure 11: А graph of capability versus cost for systems that can handle natural-language queries. 


The ability to pick the one of current interest is based on 
specific knowledge of the current situation. 

World knowledge is concerned with information about 
how the world is currently configured and about physical 
constraints upon possible configurations. For example, 
we understand: 


PRESIDENT REAGAN FLEW TO CALIFORNIA. 


to mean that he was flown to California as a passenger in 
an airplane. Had the sentence been about a bird, we 
might have taken the sentence to mean that the bird did 
the flying. 

As an example of how knowledge about the current 
physical situation can be of aid in understanding 
sentences, consider again the sentence: 


PUT THE HAMMER IN THE TOOLBOX ON THE 
TABLE. 


discussed in the earlier paragraph on syntax. If we know 
that the hammer is currently in a toolbox on the floor, the 
only interpretation of the sentence is to lift the hammer 
out of the toolbox and place it onto the table. The other 
interpretations are ruled out because they are impossible 
in the current state of the world. 

Knowledge of mental states relates to comprehending 
the knowledge and goals of other participants in a 
dialogue. The use of such knowledge is shown in the 
locked-toolbox example in listing 7. 


Cost as a Function of Capability 
The preceding sections sketched a spectrum of natural- 
language processing capabilities—ranging from isolated 


342  Sepumber1981 © BYTE Publications Inc 


questions about the data in conventional data bases, 
through the literal interpretation of utterances in 
dynamic contexts, to an understanding of the underlying 
goals and mental states of participants in a dialogue, Аз 
would be expected, progression through this spectrum 
entails rapidly escalating costs in two areas: the research 
and programming effort required to reach a particular 
level of capability, and the computing resources 
(measured in the number of machine instructions that 
must be executed and the memory requirements) needed 
ta function at a given level. 

This situation is illustrated graphically in figure 11, 
which plots cost as a function of system capability. 
Although the diagram shows a sharp rise in cost with in- 
creased capability, the situation is probably even more 
dramatic than indicated, and the cost scale might best be 
interpreted as being logarithmic. 

The capability dimension has been separated into three 
major regions by two dividing lines. It appears that 
capabilities beyond (to the right of) the leftmost line re- 
quire systems with explicit models of concrete objects in 
the world, the relationships among them, and the types 
of processes that can alter those relationships. The more 
advanced capabilities beyond the rightmost line require 
further enhancements for modeling such things as the 
mental states of dialogue participants. 

Figure 12 repeats the curve of Figure 11, but also shows 
curves for developing three kinds of systems. Systems on 
curve А are built without the use of explicit models, They 
cover most of the principal linguistic phenomena needed 
for accessing conventional data bases and, up to the point 
at which curve А intersects curve B, can be constructed 
and operated more economically than other types of 
systems, Ав the need for world models increases, at- 
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Figure 12: A graph of capability versus cost for different kinds of natural-language systems. Curve A refers to systems that do not use 
explicit world models. Curve B refers to systems that do use explicit world models. Curve C refers to systems that are built on a 
knowledge base including information about the goals and beliefs of other intelligent entities. 


tempts to circumvent the problem by using various ad 
hoc methods become prohibitively expensive or down- 
right impossible. 

Systems on curve B are built with explicit world 
models that lack the ability to deal with intensional con- 
cepts, such as the goals and beliefs of others. Although 
these systems have greater capability potential than those 
on curve А, they entail considerable initial costs in the 
construction of machinery to support and exploit the 
models. 

(Intensional concepts take into account the meaning, 
rather than just the truth values, of logical sentences. In 
standard logic, the truth value of a complex formula 
depends only on the truth of its subexpressions (eg: the 
truth of (P OR Q) depends only on the truth of P and the 
truth of О; no other properties of P and О matter), The 
operator BELIEVE, however, is intensional because the 
truth of “A believes that P" depends on the meaning of P, 
not just its truth value. The problem is that many of the 
rules of standard logic, such as substitution of equals for 
equals, do not apply when intensional operators are in- 
volved. To use a classic example, since "the morning 
star" and "the evening star" refer to the same object, it 
must be the case that "the morning star is Venus" is true 
if, and only if, "the evening star is Venus” is true. 
However, it might be that "John believes the morning star 
is Venus" is true, but that "John believes the evening star 
is Venus" is false because, although the two embedded 
sentences possess the same truth value, they differ in 
meaning.) 

Systems on curve C, if any existed, would be built 
upon a knowledge base supporting many intensional con- 
cepts. The initial costs of creating computational 
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machinery to support this level of sophistication appear 
to be quite high. 

In today's computing environment, and in light of the 
current state of the art in natural-language processing, 
the only systems that perform robustly and efficiently are 
systems of type А. Ав mentioned in an earlier section on 
LADDER-like systems, there are a number of systems of 
this type, including one (INTELLECT, described in 
reference 10) available now as a commercial product. 

А number of experimental systems of type B have been 
built, including SHRDLU, SAM, and TDUS. But these 
systems are currently of little practical value because they 
are relatively slow and use models that, while consuming 
considerable memory, cover pieces of the world too small 
to be of much more than academic interest. 

Computational linguists and workers in related fields 
are devoting considerable attention to the problems of 
type-C systems. But currently, only bits and pieces of 
components for such systems are being constructed, For 
example, Moore (in reference 17) and Appelt (in reference 
1) have devised formal methods for reasoning about the 
knowledge of others, and Perrault, Allen, and Cohen (in 
references 6 and 18) have devised systems that actually 
plan speech acts, But there is a huge gulf between the first 
experiments that demonstrate the feasibility of a principle 
and the creation of useful systems based on that princi- 
ple. Our current state of understanding in natural- 
language processing is similar to that of the ancient 
makers of Chinese fireworks as compared with modern 
space research. In terms of achieving fluency in the field, 
our current experiments are merely fireworks poking a 
few holes in the darkness. 

Nevertheless, even though the fluent use of natural 


Circle 171 on inguiry card. 


Main/Frames ... $200 
Main/Frames ... 5200 


* 14 Basic Models Available 

” Assembled & Tested 

е Power Supply: 
Bvg15A, x 16У ЗА 

s 15 Slot Motherboard 
(connectors optional) 

» Card cage & guides 

* Fon, line cord, fuse, power 
& reset switches, EMI filter 

* 8vQ30A, x 16у@10А 
option on some models а” - ж maur 


MoiniFrame 


8" Floppy Main/Frame 
(includes power far 
drives ond mainilrames) 


Write or call for our 
brochure which includes our 
application note: 
‘Building Cheap Computers’ 


INTEGRAND 


Circle 364 on inquiry card. 


TERMINALS FROM TRANSNET ` 


PURCHASE PLAN • 12-24 MONTH FULL OWNERSHIP PLAN • 36 MONTH LEASE PLAN 
асы FER ipai 


б сығып РАНЧ 
LA36 OECwetet |. ... $1,095 
LA34 DECwnter М... 995 
АЗА DECwriter [V Forms Cir 

DEC LA120 DECwriter Ilt KSA 

14120 DECwriter ti RO.. .. 

VT100 CRT DECscope 

ҰТ132 CRT DECscope _ 

11745 Portable Termina) 

1765 Bubble Memory Terminal 


Ti insight 10 Terminal. 
TEXAS Ті785 Portable KSR 120 CPS . 


INSTRUMENTS T1787 Poradie KSA 120 CPS ` 
ТІ810 AO Printer , к. 
ТІ820 KSA Printer 
Р | DTBD 1 САТ Terminal . . 
DATAMEDIA 0180 3 CRT Terminal . . 
қ 0780 51 APL 15 CAT. 
ADMIA CRT Terminal 
LEAR SIEGLER ADM3TCRT Terminal 
ADM42 CRT Terminal . 
1420 CRT Terminal . 
HAZELTINE 1500 CRT Terminal 
Ш 1552 CRT Terminal 
920 CRT Terminal! . 


TELEVIDEO acer 


НЕС SPINWRITER Letter Quality, 55 15 RO 


Letter Quality, 55 25 KSA. `. 
ЕСТІ ШЕН Letter Quality KSR. 55 CPS 
QUME Letter Quality RO. 55 CPS. 
| ЧЕ 730 Desk Top Printer , 
CENTRONICS 737 w P Desk Tan Prier 


| FULL ÜWNERSHIP AFTER 17 OR 24 MONTHS » 167» PURCHASE DPTION AFTER ; 36 MONTHS 


MICROCOMPUTERS 
APPLE = COMMODORE « HP85 » DEC LSI 11 


pe c EHSONMES AND PERIPHERAL EQUIPMENT 


-ы TIENI I 


V RANS. SNE Т CORPORATION 


8474 Ave. 296 * Visalia, CA 93277 * (209) 733-9288 


1945 ROUTE 22 • UNION, N.J. 07083 = (201 - 
We accept BankAmericard/Visa опа MosterCharge “ (201) 688-7800 


TWX 710-985-5485 


Select a modem for your computer... easy as ABC. 


CHOOSE А. The Smart One™, Model CHOOSE B. The Acoustic Modem, Model CHOOSE C. The “Direct Connect" 
АМ232, with its own built in microcon- AMII/A, for the Apple*. Comes complete Modem, Моде! АМИ, for the Apple*. Comes 
troller. Auto Dials, Auto Answers, Auto · with a powerful operating system. Supports complete with a powerful operating system. 
Modes (originate/answer), "Direct Con- 25 easy to use keyboard commands and Supports Auto Dial, Auto Answer, 27 easy 
nect” for any computer with ап RS232 operates interactively with your programs, to use keyboard commands and operates 


No interface card required! ,.. $179.00. interactively with your programs. No inter- 
face card required! ... $289.00. 


Be a part of the information revolution. It's fun, exciting, informative, educational. Call or write your order today. COD's accepted. 


interface . ..$299.00. 


MICROMATE "ЕО ЗЫ 
ELECTRONICS, INC. ~ 


2094 Front Street « East Meadow, New York 11554 e — 516. 794. 1072 
All "Direct Connect" modems are FCC certified. *Registered trademark of Apple Computer, Inc. 


Circle 235 on inquiry card. 


language by machines may still! be years away, it is im- 
portant to realize that many practical applications of 
natural-language processing can be supported by systems 
of types A or B, both of which can be built now. 
Although the computational costs for natural-language 
processing will always be relatively high when compared 
with machine languages, the introduction of VLSI (very 
large-scale integration) technology promises to ease the 
attendant cost. Processes that were once performed only 
in the laboratory on research computers costing over one 
million dollars are becoming practical on personal com- 
puters, А5 a general trend, the expense of programming 
continues to rise while computer hardware continues to 
drop in price. For some applications, we may have 
already reached the point where it is cheaper to create 
systems that use subsets of English than it is to train peo- 
ple to use formal languages. 


Current Capabilities of Type-A Systems 

To reach a better understanding of the types of natural- 
language processing possible on a cost-effective basis us- 
ing technology available today, consider the dialogue of 
listing B, which shows some of the more advanced types 
of processing available in the LADDER system. 

Interaction 1 shows how LADDER deals with sentences 
it cannot understand. After trying to interpret the input 
as first a complete and then an elliptic sentence, LADDER 


La 


346 = September 1901 © BYTE Publications Inc 


prints an error message indicating that the word "NY" is 
not known to it, The system also indicates that to com- 
plete the partial input, "How far is the Kennedy from the 
port of," it needs a construction matching its internal 
concept of a « PORT», In interaction 2, the user seeks 
information about what LADDER would accept as a 
valid expression for a «PORT». This is a very in- 
teresting question because it is not about the data in the 
data base, but rather a question about the language- 
processing system itself, LADDER can process questions 
about a variety of knowledge sources, including special 
routines that inspect its own internal information about 
the linguistic constructions it can accept. Using one of 
these special routines, LADDER produces a list of possi- 
ble expressions for < PORT», including the expression 
NEW YORK, which the user identifies as being what is 
meant by NY. 

At this point, the user could rephrase the question by 
using NEW YORK in place of NY, But it is important for 
natural-language processing systems to accommodate the 
linguistic constructions their users are comfortable 
with--to accept inputs іп the users’ own terms, rather 
than force the users to master the system's terms. In par- 
ticular, the learning of synonyms is relatively inexpensive 
computationally and quite helpful to users. In interaction 
3, the user types a statement in English to tell LADDER 
that NY is a synonym for NEW YORK. Then, in interac- 
tion 4, the user asks that interaction 2 be tried again. This 
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Listing 8: Another actual conversation with the LADDER 
system. 


| —How far ia the kannady from the port of NY? 
Trying Ellipsis: ELLIPSIS HAS FAILED 
The parser does not expect the word "NY" to follow "HOW FAR 15 
THE KENNEDY FROM THE PORT OF" 
Options for next word of symbol are: «PORT» 
2— What is а < PORT»? 
PARSEDI 
"« PORT >” may be any sequence of words following one of the pal- 
terns: 
<PORT> => CAPE TOWN 
=> NEW YORK 
=> NEW ORLEANS 
гіс. 
J—Detina NY like New York. 
PARSED! 
NY 
4—redo 2 
[1.е,, How far is the Kennedy from the port a£ МҮ?) 
PARSED! 
(GCDIST 1974) 
5. Q1 Kennedy 
[System gives ayntax error.] 
6—Let "СТ kennedy” ba a paraphrase of “what 1з the position, fuel 
status and homeport of the Kennedy" 
PARSEDI 
«S5» «> Ql <SHIP> 
7—41 kennedy 
PARSED! 
(POSITION 4000М0600Е PCFUEL 90 PORT MAYPORT) 
В--Атегісап suhs in the North Atlantic 
Trying Ellipsis: О] AMERICAN SUBS IN THE NORTH ATLANTIC 


SHIP POSITION PCFUEL PORT 
STURGEON 3700N7600W 100 NORFOLK 
WHALE 3750N7700W 100 NORFOLK 
ASPRO 3000N3000W 100 NORFOLK 
[etc.] 


O—Lot “show the forcestatus of the Kitty Hawk" be like "Display the 
employment and readiness condition of the Kitty Hawk. Print her 
destination. List ships in ber organization.” 

PARSED! 

[New production added te system.) 

10—show tha forcastatuz of Kennady 

PARSED! 

[questions defined in 9 lor Kitty Hawk are answered for lhe Kennedy.) 

1] —Defina "Kannedy no nagasa wa ikura desuka" like “what is ihe 
length of tha kennedy.” 

PARSEDI 

[Production added to system.] 

12—Рох no nagasa wa ikura desuka? 

PARSED! 

LEN = 547 


time, using the newly defined synonym, LADDER suc- 
cessfully interprets the question and produces the answer 
that the great-circle distance (labeled as GCDIST) from 
the Kennedy to New York is 1974 miles. 

It is worth noting that LADDER must do more to 
answer queries 2 and 4 than merely retrieve information 
from a data base. Only the positions of ports and ships 
are stored in the data base—not the distances between 
them. Thus, LADDER interfaces not only with the data 
base, but also with programs that make calculations 
based on data-base information. Some of these are not 
trivial. For example, to find how long it would take a ship 
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NEVADA 


COBOL 


niae 


f Edition (lof Nevada COBOL, 
а subset of ANSI-74, fealures: 


+ Copy statement for library handling 

| © CALL...USING...CANCEL. 

+ PERFORM... THRU... TIMES... 

| UNTIL... Paragraph or section names 
* |F... NEXT SENTENCE...ELSE... 

| NEXT SENTENCE AND/OR 
<=> NOT. 

» BO TO... OEPENDING ON. 
ә linique easily understood diagnostic 

| етот 

е |nleraclive ACCEPT/DISPLAY .. 

> RELATIVE (random) access illes. 

~ Sequential liles both lixed and 
variable length. 

~ DISPLAY, 16-1 binary or packed 
decimal (COMP-3) data types wilh 
up to 18-0101 accuracy 

* INSPECT... TALLYING... REPLACING. 

* ADD, SUBTRACT, MULTIPLY, 
DIVIDE, GIVING, ROUNDED, ON 
SIZE ERROR. 

« Generates optimized 8080 machine 

language at ир to 500 statements 

per minute. 


WE WELCOME соч 


(ЭЭКЕТТЕ ANC: МАМА 


* Uses CP/M or МР/М operat- 
ing system to work with TRS-80, 
Apple's with soficard, North Star, 
Superbraln, Micropolis. and 
many other microcomputers. 
Needs a minimum of 16K ot 
НАМ, Uses single density 8” 

or 534" diskette. 


ELLIS COMPUTING 


SOFTWARE TECHNOLOGY 
6004fstAvenue С 
San Francisco, СА 94121 (415) 751-1522. 


СРМ. MP/M and TRS-80 are registered TM's of Digital Assearch and Tandy Corparatíon. 


INTERCHANGE 


IT you use the CP/M™ operating system, life just got a whole lat easier for 
you. Interchange is а Z-80™ assembly language program that gives you all 
ol the features thai PIP doesn't, plus several unique Iesturas. Some ol tha 
fastures of Interchange include: 


DIR, in the usual fashion, p/us listing all files axc/uding those with a spacilied 
character, Reed/ write status із also given. 


ERA, аз usual plus exclusive вгазез. іп nddition, a "OQ" switch can be ussd 10 
query on each erase, a “W” allows erases of А/О files without query 
(normally you ara queried), and an “A” switch if system files pre to be 
included. 


LIST parmits printer listings with formatting controlled by TAB, WIDTH, 
LINES and WRAP. ІІ you ara using the ОТ Systems Clock Board, listings 
include tho date and time. 


COPY including sxclusive copies and the optional "О", "W" and "R" 
switches plus an "E" switch that queries if the fila already exists. Н also 
allows for changing disks in the middie of a copy if either the disk ог 
directory become full. И automatically verilies copies. 


STAT, with ambiguous, unambiguous and exciusive listings. |! produces ап 
alphabetized listing and includes each fils tangth, total directory entries and 
space used and unused. 


Other commends include RENAME (іпсіндіпд ambiguous), HELP, START, 
END, CLEAR, RESET, DATE, TIME, TAB, WIDTH, LINES, WRAP, QT, 
SETIT and TYPE. Once you've used interchange, we doubt that you'll avar 
use PIP again. The price of Interchangs is $59.95 and the manual is 
available for $10.00. Orders must be accompanied with your CP/M serial 
number. interchange is recommended for в 32K or larger sysiom and will 
not run with an 8080 СРО, Ai the present time, only User 0 is supported. 


CBasicZ is n registered trademark of Compiler Systems. 
CP/M is a registered trademark of Digital Research. 
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to reach а given location, LADDER cannot simply divide 
the great-circle distance by the cruising speed of the ship, 
because the shortest path between two points on earth 
often crosses land masses, So LADDER computes routes 
that avoid land masses, which requires a knowledge of 
world geography. 

Interactions 4 through 8 illustrate LADDER's ability to 
learn new syntactic constructions, as well as synonyms. 
Suppose a user has certain questions to ask repeatedly 
about different ships. Natural language is idea] for one- 
time questions, but a shorthand version would be useful 
for those used repeatedly. If, as in interaction 5, the user 
asks a shorthand question such as "(Q1 Kennedy?", а syn- 
tax error will occur, However, the user can easily tell 
LADDER, by giving an example in English, how a new 
shorthand is to be interpreted. This is done in interaction 
6. In response to this request, LADDER creates a new 
production rule that matches inputs that start with "(Q1" 
and end with any expression designating a < SHIP», 

In interaction 7, this newly defined construction is used 
to ask юг information about the Kennedy. In interaction 
8, to obtain the same information for all the Ámerican 
subs in the North Atlantic, just "American subs in the 
North Atlantic” need be typed. LADDER's elliptical- 
processing routine, operating on the newly defined con- 
struction just as on the standard ones, fills in the rest, 
Because there are multiple answers to the question, a 
table is produced to display the data retrieved. 

In interaction 9, the user tells LADDER to make a сег- 
tain input sequence equivalent to not just one but a whole 
series of questions. It is as if the user were writing small 
programs in English, using English pronouns for Formal 
parameters. In interaction 10, the new construction is 
used, but with a different ship than the one used to define 
the construction, 

Ав an extreme example of this ability to accommodate 
the user-defined constructions, in interaction 11, the user 
tells LADDER a Japanese paraphrase of the English ques- 
tion, “What is the length of the Kennedy?" In interaction 
12, the user poses this question about the Fox, rather than 
the Kennedy, entirely in Japanese. 

The language-processing capabilities demonstrated in 
listings 3 and 8, while far from those possessed by a fluent 
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McGraw-Hill Воо 


Computer Data-Base 


Success of data base operations anizalion, 2nd Ed. ' MasterCard Visa AmerExn | 

is dependent on the end-user — Security, Accuracy, and Pri- € 

and here are the principles thal vacy in Computar Systems ; Account No. Expires : 

should be understood by all wha Design of Man-Computer “Мате s 

will ре affected! 144 pp. Prentice- Dialogues Í Address : 

Hall. $21.95. Managing the Data-Base ] 
Environment Cily State zip : 


James Martin — The Most Referred-to Author of Computer Books 


user of natural language, seem quite adequate for a wide 
range of practical applications. This technology, using 
the language INTERLISP, is available today in a large 
computing environment. It requires approximately 500 
milliseconds to process a query—far less than the time 
needed to retrieve information from a large data base. 
With proven algorithms and data structures in hand, it is 
now essentially an engineering task to implement this 
technology on smaller machines in widely available pro- 
gramming languages, Such engineering will require a 
considerable effort, but the path of development appears 
to be clear of major theoretical obstacles. 

One of the practical problems currently limiting the use 
of natural-language processing systems for accessing data 
bases is the lack of trained people and good support tools 
for creating the knowledge structures needed for each 
new data base. In laboratory systems, researchers have 
manually compiled bodies of knowledge such as informa- 
tion about the vocabulary employed in a particular ap- 
plication or about the logical structure of particular data 
bases. Work has already begun on new methodologies to 
automate this task or even make it entirely unnecessary 
(see references 9, 15, and 25). 


Conclusion 

Considerably more research in computational 
linguistics will be required before mechanical devices can 
be created that are fluent in the use of natural language. 
However, current research efforts are shedding new light 
on the types of knowledge required for communication in 
human languages, as well as on prospective mechanisms 
for encoding and applying that knowledge in computers. 
These efforts are showing that language use is not an 
isolated intellectual activity; it also involves our basic 
facilities for commonsense reasoning and planning. À 
computer system fluent in a natural language will be a 
genuinely intelligent machine. 

Although the fluent use of natural language by 
machines remains a long-term goal, a number of practical 
mechanisms have been developed to deal with significant 
fragments of language in specialized application areas. 
For many applications, an ability to communicate within 
such fragments is both sufficient for the task at hand and 
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NEW TARBELL 


S-100 СРИЛО BOARD 


Z-BO" will run at 2 or 4 Mhz 

2 RS-232 Serial ИО ports 
Powerful Memory Management 
Programmable Timer 

Full masked priority interrupts 
Has evarything needed for MP/M" 
5 month full warranty 
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Multi-Application Processing System 


THREE COMPUTERS IN ONE 


THE DIGIAC MAPS® CT-BO SYSTEM 
Multi-User, Multi-Tasking, Cost Effective. 


е 3 business systems can run concurrently = that's 3 Gmes the overall 
system productivity! е Time share word processing, accounting, order 
processing, inventory, forms processing, Ик & more! € 3 workstations 
can share data base - preparations can be done by several operators 
concurrently! е АЛ workstations can share common peripherals, e Uses 


card. 
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DIGLAC MAPS-BO operating system. (Digital Research MP/M) 9 High level 
lanquage processors including Fortran - Basic - Pascal - Cobol. e Complete 


2-80 is a tradamark of Zilog Inc. Turr-key system for ease of operation & leaming! 


MP/M is a trademark of Digital Hesearch о a 
| | For Additional Information Contact 


" "Bà MAPS, Commercial Products Division of: 
ШЫН AG DIGIAC CORPORATION 
175 Engineers Road, Smithtown, М.У. 11787 
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by B.J. Korites, PhO - a self-teaching guide that wil! Show you how 
to write graphics software on your microcomputer. Theory and 
program listings presented side by side. Contains 61 programs for 
2 and 3 dimensional graphics, isometric and perspective 
transformations, scaling, stretching, clipping, intersections, 
shading, tablet software, hidden line removal, dynamic simulation, 
applications to engineering, science and business. Practice 
problems for classroom use, Covers elementary 10 advanced 
concepts. Perfect for professionals, students and software 
developers. All programs in BASIC, written on the Apple It Plus 
48K but convertible to other systems. 
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How to Get More Information About Natural- 
Language Processing 
The Association for Computational Linguistics is a profes- 
| sional society for people interested in this subject; it 
publishes the American Journal of Computational 
Linguistics. For information, contact Donald Walker, SRI In- 
ternational, Menlo Park CA 94025. Readers are also referred 


to the American Assoclation for Artificial Intelligence (con- 
tact Bruce Buchanan, Computer Science Department, Stan- 
ford University, Stanford CA 94305), and the Cognitive 

| Science Society, which publishes the journal Cognitive 
Science (contact Donald Norman, Center for Human Infor- 
mation Processing, C-009, University of California at San | 
Diego, La Jolla CA 92093). 


clearly preferable to forcing users to learn machine- 
oriented languages. [In coming years, we expect to see 
naturalanguage processing employed іп an increasing 
number of practical applications, enabling more and 
more people to interact directly and effectively with com- 
puter systems. № 
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2K Buffer 
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Price Basic 
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DIP-81 
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DIP-85 


DIP-84G 
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pP eering into Radio 
Shack's Crystal Ball: Tan- 
dy Carporation (Radio 
Shack's parent firm) once 
kept a very tight lid on up- 
coming products. But now 
it’s leaking information on 
product plans, some of 
which extend well into 1982. 

Here’s what to expect: 
Among its most ambitious 
programs, Tandy plans to 
double its hardware and 
software products within the 
next six months — judging by 
past performance, it can do 
И. Several new peripheral 
hardware products will be 
added to all of its current 
machines, from the pocket 
computer to the Model I! 
business-oriented system. 
The Model II will be offered 


with an optional 10-mega- | 


byte hard-disk system that 
will include a 15 k bpi (bits 
per inch) tape backup. The 
complete hard-disk system 
will cost less than 55000. 
Also in the works is a multi- 
processing and -program- 
тілр system that will allow 
up to sixteen Mode! 115 to be 
chained together. A new 
system (Model IV?) with ca- 
pahilities somewhere be- 
tween the Models НІ and IH, 
but closer to the Model 11, 
will be unveiled. It will in- 
clude 8-inch floppy-disk 
drives and a better disk-oper- 
ating system, but it won't be 
CP/M compatible. Expect its 
base price to be in the 51500 
to $1800 neighborhood. 
As for software: 


e Radio Shack wil! in- 
troduce packages geared 
toward specific "vertical" 
markets (eg: medical, legal, 
educational, etc). 

e There will be a software 
package that allows the 


Mode! Il to read and write | 


БҮТЕММЕЕ _ | 
News and Speculatlon About Personal Computing 
Conducted by Sol Libes 


IBM-format disks and to 
serye as a terminal on an 
IBM system. 

e There will be upgraded 
versions of TRSDOS for the 
Models !, III, and Il. 


Most of the upcoming 
Model IIl software will 
adhere to the company's 
policy of maintaining com- 
patibility with the older 
Model | system. ! must give 
Radio Shack credit for not 
making the mistake made hy 
most other computer com- 
panies who virtually disown 
their older madel computers 
when a new system is 
brought out, forcing cus- 
tomers to "junk" the older 
system and buy a new sys- 
tem merely to run new soft- 
ware. 

Tandy also plans to 
change the name о its 
Radio Shack Computer 
Centers to Office Product 
Centers. These centers will 
sell copiers, facsimile 
machines, and other office 
products, as well as com- 
outer systems. 


г SN New Fail 
Fashion: This fall Zilog will 
introduce an enhanced 780 
called the 7800. The desig- 
nation doesn’t mean that the 
2800 is ten times better than 
the 780 and only one-tenth 
as powerful as the 28000, 
but Zilog claims it will have 
three times the performance 
of the Z80. 

Zilog says that the 2800 
will be fully compatible with 
the 280 instruction set, 
which is a wise decision 
because the old software 
can still be used. It will con- 
tain circuits that facilitate 
multiplication, division, and 
memory mapping ta access 
up to 4 megabytes of mem- 
ory. It will be offered in а 
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nonmultiplexed version, like 
the 780, and a Z-bus-com- 
patible version that can be 
used as a Z8000 peripheral. 
Zilog hopes to start shipping 
samples soon. 


-— Пе вазе 
The 6508 Microproces- 
sor: After years of talk 
about an upgraded version 
of the 6502 microprocessor 
(used іп the Apple 11, Com- 
modore PET, Atari 400 and 
BOO, etc), Commodore Semi- 
conductor, Norristown, 
Pennsylvania, has finally 
done it; the 6508, The 6508 
has 256 bytes of program- 
mable memory and an 8-bit 
parallel port, Its instruction 
set is compatible with the 
6502's and its clock rate re- 
mains at 2 MHz. Com- 
modore has let it be known 
that several other versions of 
the 6502 are forthcoming. 
They will include timeri 
counters, serial ports, and 
other functions. !ts clock 
rate could go as high as 
6 MHz, 


| $ There А Microfioppy 
Disk in Your Future? 
Sony is currently providing 
ОЕМ» (original equipment 
manufacturers) with samples 
of its new 3%-inch “тісго- 
Hoppy"-disk drives. Тһе 
drive represents а new 
technology that departs 
from the traditional 5- and 
B-inch drives, Sony packs 
437.5 K bytes per side into a 
drive that's 2798 smaller 
than standard 5-inch models. 
Five-inch drives typically 
store about 250K bytes 
(double-density) or 125K 
bytes (single-density). 

Even though the 3%-inch 
drive's compactness is very 
attractive for portable com- 
puters and word-processing 


systems, Sony is meeting 
some resistance from OEMS 
who are leary of purchasing 
an unproven product from a 
single source. 

The microfloppy has a 
stiffer media and a rigid en- 
velope with a shutter over 
the head-access slot to рго- 
tect the disk. The result is 
less contamination and bet- 
ter media stability, which, in 
turn, allows greater ac- 
curacy and higher data den- 
sity. Sony has also borrowed 
from its video-head technol- 
ogy in developing the read/ 
write head for this drive. 

Sample drives range in 
price from $400 ta $500, not 
including a controller inter- 
face, although many of the 
currently available con- 
trollers can be used with lit- 
tle or no modifications The 
price should drop to $200 to 
$300, in 500-unit quantities. 

Sony plans to use the 
drives in its new word-pro- 
cessing systems, which will 
be introduced later this year. 
А 1-megabyte version of the 
device is expected early next 
year, and Sony will probably 
use it in its Series 35 small- 
business systems. There are 
rumors that Sony is develop- 
ing a 3%-inch hard-disk 
drive. 

Shugart and several other 
floppy-disk suppliers are 
taking a hard look at "micro- 
floppies." There is no doubt 
that the trend is to smaller 
disk-storage units. The ques- 
tion really is whether or not 
manufacturers will adapt 
the Sony format or create a 
new standard or will 
something different emerge? 
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try can be expected to go 
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with the new Intel 32-bit 
microprocessor. | have 
taken the liberty of extract- 
ing some of the major com- 
ments here. 

The iAPX432 was designed 
by and for computer scien- 
tists, rather than electrical 
engineers (as were Intel's 4-, 
8- and 16-bit micraproces- 
sors). The iAPX432's internal 
elements are less accessible 
than those in ather micro- 
processors, 50 writing pro- 
grams will be different. 

"Instead of considering 
the machine in terms of bits 
and registers, you must fo- 
cus on software objects... 
the 432 has no assembly fan- 
guage, per se; you might 
consider its instruction set to 
be a high-level language . .. 
a nearly optimum intermedi- 
ate language specifically de- 
signed to simplify the task of 
writing efficient compilers. 
In turn, these compilers can 
effectively handle progams 
coded іп high-level lan- 
guages.” The iAPX432's in- 
struction set "does not con- 
stitute a complete operating 
system; rather, it contains 
the essential primitives from 
which you can construct 
such an operating system... 
the machine can't be рго- 
grammed directly in code 
written іп, say, Ada or FOR- 
TRAN; you need the appro- 
priate compiler. Because the 
432 simplifies system pro- 
gramming, programmers 
need not be hardware ex- 
perts; thus personnel with a 
lower level of expertise can 
program it. Further, pro- 
grams written in highJevel 
languages can generally be 
developed тоге rapidly 
than those coded in assem- 
bly language. 

"The machine performs 
arithmetic operations quick- 
ly and with a high level of 
precision. It also automati- 
cally prevents many typical 
programming errors (you 
can't inadvertently execute 
data, for example). Further, 


it provides functional redun- 
dancy checking, a feature 
that allows graceful system 
degradation when a CPU 
[processor] fails in a multi- 
processing environment. 
And finally, the 432 ensures 
that all programs are natur- 
ally reentrant and recursive. 
The 432 chip set is complex 
and currently very expen- 
sive. It could incur speed 
penalties when performing 
certain operations." 

The iAPX432 will not be 
the ultimate processor. ‘‘Al- 
though its instruction set is 
close to the ideal," says 
EDN, “it might be improved 
in other ways." Jt will not 
make 4-, &-, and 16-bit micro- 
processors obsolete; and, in 
fact, it should increase the 
market for these as ?регі- 
pheral processors. * 

"|n summary, a good anal- 
ogy is that the 432 is to stan- 
dard microprocessors what 
the 7400 Series TTL was to 
discrete-device logic gates 
and Flip-flops. it should free 
EFs [engineers] from many 
mundane “system-design 
chores, allowing them to 
concentrate on more re- 
warding creative pursuits, 
while also reducing their 
Projects’ software costs. it's 
a minicomputer replace- 
ment, one that will open up 
scores of application oppor- 
tunities.” 

Intel is aiready shipping à 
board-level iAPX432 eval- 
uation system, called the in- 
tellec 432/100. It consists of 
a board with a complete 
iAPX432 processor, RS-232C 
serial interface, evaluation 
software, and seven volumes 
of documentation. The user 
can plug the board into an 
Intel intellec development 
system and create and ex- 
ecute iAPX432 programs us- 
ing an object-oriented lan- 
guage. Тһе 432/100 costs 
$4250. 

The Intellec uses the Intel 
Multibus {lEEE-796), which 
has а 16-bit-wide data bus. 
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The 32-bit-wide processor is 
interfaced to the bus via an 
interface-processor that han- 
dies data-bus transfers as 
two 16-bit words (the ІВМ 
360, which was also a 32-bit 
processor, handled data 
transfers as B-bit words, on 
its smaller machines). 

Several 5-100 (ЕЕЕ-696) 
bus-system manufacturers 
haye iAPX432 development 
projects underway. | expect 
to see an 5-100-based 
iAPX432 machine with disk 
Operating system later this 
year. 


Т.. Software Shop: 
When | was a kid, | would go 
to the record shop and buy a 
copy of one of the top-ten 
records on the hit-parade. 
Well, soon | may be going to 
the "software shop" to buy a 
copy of one of the top-ten 
programs. At least that is 
what Cut & Curl hopes. It 
plans to open a franchised 
chain of stores that sell only 
software —"software super- 
markets," Cut & Curl already 
franchises 500 Edie Adams 
Cut & Curl and Great Expec- 
tations Precision Haircutting 
salons. The first Programs 
Unlimited store has been 
opened, and Cut & Curl is 
talking about 100 more 
stores. 


R andom News Bits: 
Apple Computer [пс re- 
ported that sales for the first 
quarter of 1981 tripled over 
the same period a year аро, 
Sales were nearly $79 
million, with a net of 59,2 
million—a 1696 increase 
over the previaus quarter. 
Also, Apple claims to have 
produced over 200,000 Ap- 
ple Its and that the Apple 
ІШ “production problems" 
have been ironed out (most 
of the original design group 
has been fired). The Apple 
ШІ is now in ful! production. 
‚.. Zilog reported an $11 
million loss on $42 million 


business for 1980. Zilog has 
yet to show а profit. 
Commodore expects to in- 
troduce its "Micromain- 
frame," with 132 K bytes of 
memory and 6502 and 6809 
processors. It is realiy a PET 
computer with a secand pro- 
cessor (the 6809). You can 
elect to run either the 6502 
or the 6809. Commodore 
claims to have BASIC, FOR- 
TRAM, APL, Pascal, and an 
Assembler ready for the ma- 
chine. COBOL will come 
later. The software was de- 
veloped at the University of 
Waterloo in Ontario, 
Canada. Commodore has 
not yet set the price. _. In- 
terlude, Houston, Texas, 
claims ta have sold 15,000 
copies of its sex-oriented 
software package for the Ap- 
ple || and TRS-80 computers. 
The program asks users 
questions about themselves 
and their partners, and then 
telis them how to enjoy their 
spare time. .. Florida Data 
Corporation, Melbourne, 
Florida, has introduced two 
serial dot-matrix printers 
that can rocket along at 600 
cps (characters per second) 
for draft or data-processing 
output and at 150 cps for let- 
ter-quality output— that's 
three times faster than any 
daisy-wheel printer The jet- 
ter-quality output is pro- 
duced by passing the head 
over each line four times, 
with the dots displaced 
slightly on each pass to fill 
in the character. ... Intel 
will introduce a set of two 
integrated circuits for the 
Ethernet controller and in- 
terface that will allow a user 
to implement the physical 
and data links. A little bit of 
extra circuitry, some special 
cables, and interfacing soft- 
ware, and you can connect 
any personal computer to an 
Ethernet system. ,.. 


i exas Instruments‘ 
Bubble Bursts: іп а sur- 
prise move, Texas Instru- 
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DEC LSI-11 
Components 


Dependable service 
at discount prices 


APPLE П PLUS 
64K ' ому $1249 


16K RAM CARD INCLUDED WITH FACTORY 48K SYSTEM 


ы. 16K APPLE II PLUS.....,............. 1129 
| Domestic РАТЬ ' 
and Export ine | DISK II DRIVE & CONTROLLER 
| i ONLY $519 

ii | DISK ІІ DRIVE ADD-ON, .......... ИО — $439 
| | SILENTYPE PRINTER & CARD. ....... ............ $349 
| 2-80 БОЕТСАНР., è “"Етанаасв aa чеку es ewe Pela $299 
|= HAYES МІСКОМОРЕМ Ц о... $299 
е и | 16K RAM CARD..... .... ... РОН чей ND 
Mini VIDEX VIDEOTERM 80 СОГОММ..... ............. $269 


SEE PAGES 476 & 477 FOR MANY MORE 
PRODUCTS AT UNBEATABLE PRICES. 


ORDER TOLL FREE 800-854-6654 


CALIFORNIA & OUTSIDE CONTINENTAL U.S. (714) 698-8088 


Computer Suppliers, inc. 
25 Chatham Rd., Summit, N.J. 07901 
Since 1973 


(201) 277-6150 Telex 13-6476 


ем is Computer Suppliers, inc | 
В"! ІШІП CONSUMER COMPUTERS MAIL ORDER 
| | | 8314 PARKWAY DRIVE LA MESA, СА 92041 


ex = = dio 


VIPs Call A.E.I. 


VIP's customarily need top quality und service within stringent A partial list"* of A E.I. customers who purchased ducing the Inst 
um p limits. Naturally, they call AEJ, quarice of 1980 includes: University of Nebraska, University of 
Бог software, firmware, ог hardware; For custom sysiems Virginia, US. Dept. of Interior, University of Kentucky, University 
assistance, connectors, interface boaris und service; For of California, Massachusetts Institute of Technology, US. Air 
peripherals, including printers, CRT's disc drives, өт modems; For Force, Naval Air Development Center, Brown Unlverstry, Univer- 
as little as onc pari such as a cable or connector, or as much as an айу of Oregon, University of Utah, Ohio State University, Univer- 
entire national computer complex for a multi-branch company. меу of Southern California, California State t of Water 
Мете AEJ. tesis virtually every* item sald, before shipping. Resources, University of Michigan, amd Princcton University, 
ltem: AE. iniualizces every picce of softwure, and makes a In the private sector, ап equal number of major national 
copy. Lf you have a problem, А.Е. can cheek to locate the problem g — zations purchased ducing the same period. 
by using the In-house duplicate, saving you Ume. ou сам вай А.Е. too? 
— ar has In-house expertise vd m Itcm offercd. 
dem: А.Е.1. загс cthtive м өзе 
no uM сәресіне dealers Mp, — ue aa з Гані shippiog, wc have timc из test; expedited pmen may 
40% OF ALL AEL SALES ARE TO PUBLIC AND SEMI- = à ы Fi 
PUBLIC INSTITUTIONS. р Dar СЫЙ E Dia ы cir E mmm 


Automated Equipment, Inc. 
18430 Ward Street, Fountain Valley, California 92708 (714) 963-1414 (Outside of California (800) 854-7638) 


Communication Arts, Huntington Beach. Са 
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>А Program to Recover 
“Crashed” Discettes AUTOMATICALLY! 

Maybe it was a lightning storm, static from the rug, or just 
too late at night to be working. Whatever the cause, when a 
discette "crashes" and valuable data or programs are 
destroyed, the loss Із enormous, both іп time and money. 

DISK DOCTOR Is a program which automatically recovers 
bad discettes. Best of all DISK DOCTOR does not require апу 
knowledge of CP/M file structure! If you can operate CP/M, 
then you can use DISK DOCTOR. The entire system is menu 
driven with key information displayed. 

DISK DOCTOR is comprised of five “wards”, each capable of 
performing a specific discette recovery operation. 


е Ward A: Verifies diacettes and locks out bad sectors without touching the 
good files that remain. 


e Ward В: Copies whatever can be read from a "crashed" file and places it 
Into a good fita under user control. 


* Ward C: Coples discattes without stopping for bad sectors. Bad sectors are 
repiaced by spaces. 


+ Ward D: "Un-erases" files. That is, Ward D will recover accidentally erased 
disk Нез. 


* Ward E: Displays directory of recoverable erased files. 
DISK DOCTOR will pay for Itself the first time it |в used. 


Best of all, DISK DOCTOR operates almost comptete automatically. The 
small amount of user interaction is axplained Іп the manual as well as 
prompted by OISK DOCTOR. 


Requires: 48K CP/M, two drives ШЕШ А! Orders and General information: 
neaded for complete operation. шш SUPERSOFT ASSOCIATES 

DISK DOCTOR: $100.00 Р.О. BOX 1628 

Manual Alone: $ 10,00 


CPIM Formale: 8" soft sectored, 5" 
Northstar, 5" Micropotis Mod 11, 
Vecior MZ, Superbrain 00/00, Appie il + 


-Supersoft 


First in Software Technology 


ТЕСУ, CHAMPAIGN, IL 51820 
ШЕК! (217) 359-2112 
С Technical Hot Line: (217) 359.2691 
(answered only when technician is 
available) 


СР REGISTERED TRADEMARK DIGTAL RESEARCH 
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ments (ТІ) will phase out its 
magnetic bubble-memary 
products as part of a com- 
pany-wide retrenchment 
program. The move, ironical- 
ly, comes less than a month 
after ТІ announced it was ex- 
panding its line. Rockwell In- 
ternational announced a 
similar move earlier this 
year, Besides dropping its 
bubble-memory line, ТІ also 
announced plans to get out 
of the digital4vatch business 
and lay off 3% of its work 
force. 


Tne 64 K-Bit Memory 
Devices Are On The 
Way: Intel and a few other 
integrated-circuit makers are 
now shipping 64 K-bit 
memories. Prices аге cur- 
rently in the $30 range but 
are expected to drop to 
around $8 by year’s end. 
Lock for products using 
these circuits by early next 
year. It’s rumored that Apple 
has placed an order for 
60,000 of the devices, at $12 
a chip, for a new business 
computer, 

Reportedly, Intel has 
256 K-bit memory devices in 
the prototype stage. Using 
the 64 K-bit devices, you 
could build a 64 K-byte 
memory system using only 
eight memory circuits. When 
the 256 K-bit products be- 
come available, only two cir- 
cuits will be required. 


MAIL: | receive a large 
number of letters each 
month as a result of this 
column. !f you write to me 
and wish a response, please 
include a self-addressed, 
stamped envelope. 


Sol] Libes 
POB 1192 
Mountainside NJ 07081 
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.. FROM ONE OZERATING SYSTEM TO ANOTHER! 
A VITAL WAY TO PROTECT YOUR SOPTWARE 
INVESTMENT FOR THE FUTURE!! 


The RA СОМИ, language runs on mors different Opar- 
ating Systema and more different-sized computers than 
any other similar language, For starters, it runs on NCR 
апа TI minicomputers and, in the micro field, on the 
CP/M?, MP/M?, TRSDOS*, OABIS*, MOASIS4, and UNIX 
y YX version) Operating Systems. ..to mention only 
a few. 

Until now, serious business software of tha scope and 
flexibility seen in the minicomputer world has not been 
available on micros. EM TOBOL now allows transfer of 
such software with a minimum of fuss. 

We have participated in such a mini-to-micro transfer 
of a major set of general business software. , using RA 
ЧИНИ. as the transfer mechanism, of course. Running on 
literally thousands of minicomputers, these refined, 
enhanced, and proven Software cover А/В, A/P, 
G/L, P/R, Order Entry (with Invoicing and Inventory 
Control} as well as Sales Analysis. The peckages define a 
new level of achievement for features and flexibility in 
Micro applications software and offer top quality at a 
reasonable price. 

For immediate information, call 714-848 1922 for your 
complete product descriptions. Be sure to circle no. 
indicated below. 


MP SMITH, THIS SOFTWARE WILL DEFINITELY 
Е NHANCE YOUR CURRENT DA 


FINANCIAL INDE КМ EE TIE VALL г г” 


fT TROBE ARE 
S / tsas 
| P^ 


TEL. 714-848-1922 


.. PLUS ALL THE OLD, FAMILIAR FAVORITES that 
we continue to affar, such as: 

General Business—Client Accounting (CPA Write-up) 
FMS® (Financial Modeling System) 
NAD’ (Name and Address System) 
Real Estate— REAP ( Real Estate Acquisition Programs ) 
PMS (Property Management System) 
MLS® (Multiple Listing System) 

Health Care—APH® (Automated Patient History) 
Word Processing and System Software—Magic Wand? 
QSORT* 
CBASICA!" 


and Cybernetics’ unique TRS-80*, Model II CP/M offering 
high performance, hard disk support, and CP/M com- 
patibility. 

Trademarks of: 

L— Hyan McFarland Corp. 2—Digital Research, Inc.; 3—Tandy 
Corp; 4—Phase One Systema, Inc; $—Bell Telephone Laborator- 
jes, Ina; 8--Атагізап Business Systems, Ino; 7— Structured 
Systems Group, Ine; &—Cybernetics, Inc; 9— Peachtree Software, 
Ino: 1O—Compliler Systems, Ina. 


СУВЕВМЕТИ С 
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©. 
8041 NEWMAN AVE, SUITE 208 
HUNTINGTON BEACH, CA 92847 


BYTE September 1981 


"a 
* 


ж ш ge 


* 
% 


‘a + 
Lg 
за 
% м 
= 
Com a: 


35 


$ 


Ask BYTE 


Clarcla's 
Circuit Court? 


Dear Steve, 

| am a member of the 
Evanston Township High 
School Computer Club, and 1 
was wondering if you could 
settle a dispute for me. The 
supervisor of our computer 
room will not allow us to 
double-side our floppy disks 
because of the fact that they 
accelerate the accumulation 
of oxide and dust deposits on 
the read/write head of the 
disk drive, 15 this true? 
Scott Coleman 
Evanston Il 


I don’t like to jump into the 
middle of disputes, but if you 
can live with my opinion, 1 
will voice it. It should not 
make any difference whether 
you have a single-sided or 
double-sided disk. The disk- 
drive head does not come in 
contact with the oxide sur- 
face: it rides above it, So, 
theoretically, it should nat 
cause any accumulation on 
the read/write head, 

Now, that's in theory, In 
truth, there's always some 
oxide that comes off on the 
head, but if the computer 
room is doing regular main- 
tenance, which is to clean the 
heads every once іп a while, 
it should never be built up to 
a point at which it makes any 
difference anyway. 

Perhaps the way to settle 
this is to have the computer 
club volunteer to clean the 
disk drives once in a while. 

4, Steve 


Tools of the Course 


Dear Steve, 

I am beginning implemen- 
tation of a hands-on micra- 
computer experimentation 
and interfacing course here at 
the University of Dubuque 


Conducted by Steve Ciarcia 


Theological Seminary. [ want 
to establish a digital-micro- 
processor laboratory, What 
would you consider to be the 
minimum test equipment nec- 
essary? Our financial re- 
sources are somewhat limit- 
ed, во your advice would be 
most helpful, 

Terry А Ward 

Dubuque IA 


At the very minimum, 1 
would recommend that you 
get an oscilloscope. І} you 
can afford it, it should be 
dual-trace and have at least a 
15 MHz bandwidth. With it, 
you сап troubleshoo! many 
pieces of equipment and per- 
form some fogic-analyzer 
functions. if you can afford 
it, of course, a logic analyzer 
is aluays a good piece of 
equipment to have around, 
However, you can spend so 
much time teaching people 
how to use a logic analyzer 
that you don't have any time 
left in the course. 

Other than an oscilloscope, 


| the only other piece of equip- 
ment that you probably need 


would be a simple digital 
voltmeter (DVM) or digital 
multimeter, 

Often the things that are 
needed when teaching stu- 
dents are not the things that 
you can buy off the shelf as 
test equipment. Frequently, 
simpler equipment, such as a 
buffered LED (light-emitting 
diode} that functions as a 
logic probe, is what's 
несеввагу. 

А logic probe, 'scope, and 
a DVM should take care of 
practically anything Ша 
would arise. . , | Steve 


Auto Warning 


Dear Steve, 

In a book on microcom- 
puters that I read, the author 
predicted that an automotive 
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warning device that would | 
tell drivera they were too | 


close to another vehicle 
would be devised. 

It occurred to me that such 
a gadget might be realized 
right now using the Polaroid 
development kit and a simple 
single-board computer. Soft- 
ware, it seems to me, might 
be the biggest hurdle. What 
do you think? 
Bob Crafts 
Edgartown МА 


The Polaroid ranging sen- 
sor is definitely usable for a 
driver-warning device like 
the kind you mentioned. 
However, I don't see this sen- 


sor being used as a crash- | 


avoidance device because Из 
response time is a little slow. I 
have seen one company using 
the device on each side of a 
cars fenders, with a dash- 
mounted display for the 
driver, In my mind, while 
this may work, its feasibility 
and production is another 
matter. It would seem to be 
rather expensive unless pro- 
duced in large quantities. 
When using the Polaroid 
development kit in an auto- 
mobile, you must try to iso- 
late the ignition noise from 
any power being drawn from 
the cars electrical system. 


From my experience, the | 


Polaroid ranging kit is also 
electromagnetic interference 
and static sensitive. If used in 
a car, it should be in a shield- 
ed enclosure. . . , Steve 


Scheming Schematics 


Dear Steve, 

I would like to expand an 
Atari 400 or 800 with mini- 
mum programmable memory 
to a full 64 K memory by 
using $116 chips. To this ex- 
pansion board, I would also 
like to add RS-232C circuitry 
to handle a printer and 


modem. Of course, it would 

need its own power supply, 
I am a technician with a 

good background in digital 

electronics but not a circuit 

designer. Where can 1 find 

the necessary schematic and 

parts list? 

Emanuel Soffer 

Rockaway NY 


Expanding the memory 
and adding RS-232C to the 
Atari are two completely dif- 
ferent problems, each requir- 
ing diverse amounts of talent. 
The 6502 has no internal re- 
fresh logic, as does the 280. 
External refresh logic must be 
added. 

Ап К5-232С serial port can 
be added fairly easily to the 
expansion connector on the 
side of the Atari if the proper 
software is added to the unit. 
One company that has been 
working on this is the Code 
Works, POB 550, Goleta CA 
93017, | suggest that you 
write the Code Works (atten- 
Hon Коп Jefferies) asking 
about its serial port for the 
Atari, It should be fairly inex- 
pensive because it's practical- 
ly all software. 

Presently, it is cheaper to 
use static memory on the 
Atari, Whether this situation 
continues will be determined 
by the prices of dynamic ver- 
sus static memory. the devel- 
opment of an inexpensive 
refresh method, or the evolu- 
Ноп of пеш quasistatic pro- 
grammable memories, such 
as the Zilog 26132. If any 
readers have a good circuit 
for using dynamic memory 
with a 6502, Га appreciate 
seeing it. . . . Steve 


Little Problems 
Cause Big Ones 


Dear Steve, 
We have a problem with 
our 6800 microcomputer, 
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HEATH OWNERS 


UPGRADE your H9 for a fraction of the 


cost ol a new terminal with these features. 
FLICKER FREE $60,045 КТ £76.08 AGREMOLED 


M Columbus would beye had lo wall for mis HE поағанақ аі WFO boua, ha might) nal hove 
dipenusgrad Amaricg Al іва four отрыве cor &ummyairate wilh таз, МО Sighi iymm 
Unter |4000 baud! ммте Chol annayemp rotrenh intettaet thal слоне the opnaa fa tinsh 


а тайда угай?р+ than ШОС baud eater {ца Ғайіат ртецгят тїшкї Ең Т 
BA AF, 


CURSOR CONTROL 4538 04 Ц №2901 ASSEMBLEO 

Whip bmi ұйы: оные ts Eumsaculiva (nma ol цит iecminal? CUREDA СОНТАСЬ ah 
(ати pour Comput) іс mari ihe zurbyc anywhere он (Ae есінеп Аша ihal oretgeaianad 
i5ych {п your бар те Әт ыы meshing іпеһдіңшей Functián» HIhetydad ани, іг. 
Tight, ep, dows, (pit Bad righi 20 spgmobs, һата and атала росе 


3 RA FIX Юз с» МҰ $1005 ASSEMBLED 
Оран à whole пет watld ің your әмірші The graphical Шіршет сараһын аі GRACIA 
allow үй №№ reste Hispláyà weve? рабое робиня on ihe WE, 


LOWER CASE ENTRY кзввв ёсввывуко 


Маж тлы ван ай г inwa; гава echetactot Мом the keyboard А БАТ Lace һау янота 
Ihe ійүбоятя Io проги au ihg atanma AG йғуасағп oF jà péinte ages? әні |р 
&s*é Sapending өріп ife Shif} key шї ши a паста! уураше ак 


LOWER CASE DISPLAY Saary AEREMALED 


стог cont sspabilttian ұлда ір impose PtaggtHiy on farminalu течни tee 26 linge 


KEY CA PS 1 11.40 ВЕТ 4 АПВОМЬ $100 


TRARA Quality £m^inur Gey сара мана імспійей-іһ gípNatuteriab, For fhal proregesiona) ined 


Full Six Month Warranty —24 Line Compatible 


NORTHWEST COMPUTER Services, INC. 
8503 М.Е. 30th Ave. 
Vancouver, WA 98665 
(206) 573-8381 


ӘЛИЗТТТІГІЛТЕТТІСІЕоТ ТІГІЕІГІТІТЗ Со. MASTER CAME sod VIFA массаже 
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FIELD PROVEN!! 
10 MEGABYTES and MORE for the TRS-80* Model II 


plus SHARED ACCESS to HARD DISK DRIVE 


Hard/Soft Disk System (HSDS) Software allows access as single drive. You can 
have that 10 Magabyte continuous fite - that 50,000 name maillist or inventory! Or 
а directory with 1000 entries! All compietely compatible with TRSDOS 2,0 BASIC 

You can mix Торру and hard disk drives. Includes pee utilities including НРИВСЕ, 
DCS Directory Catalog System, НААР Hard Disk Superzap. and many special 
formatling oplians. Three to eight times Taster (Пал floppy! RACET quality, 


HARD DISK DRIVE & COMTROLLER $5995. Sacond User $595. 
HSOS Software $400. (Note: HSDS now also avallable lorCORVUS drives!) 


INFINITE BASIC (Mod | & Ш Tape ar Disk) Mod | $50.00, Mod II! $60.00 
Extends Level 11 BASIC with completa MATRIX functions and 50 more string 
functions. includes RACET machine language sorts! Sort 1000 elements in 9 
seconds!! Select only lunctions you want to optimize memory Usage. 


INFINITE BUSINESS (Requires Intinite BASIC) Mod | & if $30.00 
Complete printer pagination controls — auto headers, looters, | де numbers. 
Packed decimal arithmetic — 127 digit acouracy +, =, ®, /. Binary search 
of sorted and upsartad arrays, Hash codes, 


BASIC CROSS REFERENCE UTILITY (Mod |) БАК) $50.00 
SEEK and FIND functions for Variables, Lina Numbers, Strings, Keywords. ‘All’ 
fae availabla for (iria numbers and variables. Load Irom BASIC — Call with 
‘CTRL’A. Dutputto screen ог printer! 


0SM Mod ($75.00, Mod 11 $150.00, Mad II $90.00 
Disk Sort/Merge tor RANDOM tiles. All machine language Stand-alone package for 
RS speed. Establish sort specification in simple BASIC. command File. Execute 
trom DOS Only operator action 10 sert is to change diskettes when requested! 
Handles multiple diskette files! Super fast son times — improved disk 1/0 limes 
make this the tastes! Disk Sort/ Merge avallable on your TAS 

(Mod | Min 32K 2-drive system. Mod И 64K 1-drive, Mod Hi 32K 1 -drive) 


GSF (Mod | & 111 Tape or Disk - Specity Memory Size) 

Mod 1 $25; Mod 1f $50; Mod ІІ! $30 

Generalized Subroutine Facilities, The STANDARD against which all other sorts аге 
compared! And then compare prices! Machine language — fast and ромегіш! 
Mulli-key multi-variable and multi-key character string. Zero and move arrays 
Mod I| includes USA PEEKS and POKES, lacludes sample programs. 


Circle 316 on Inquiry card 


АОВОТ5 


"^ The Future Arrives 


; қ yA Intelligent machines are rapidly appearing 
а % | 


in homes, automabiles, offices and factories. 

; Affordable cameras, speech synthesizers, 
and even robol arms are now on the market. 
Such advances are giving microcompulers the 
power to see, hear, arasp objects, and to move 
around the room, Where can you learn abou! 
- ihis Technology? іп Robotics Age Magazine, 
the journal of intelligent machines 
Robotics Age reports the experience ol 
hobbyists building their own robots, the 
latest products from industry, and the most 
powerful techniques from research labs. The 
face of the world is changing, Join us as 
we enter the Rabotics Age, 

YES! | wani in мау üp-En-dale on this fascinating 
new hichnologu! 


Mame 
Company 


Желіге 


Сиу Stale: Providence! Country Poste! Goth 
Unned Canada Foreiqn 

States Merica’ Нан 

С 1 уед (b bases} $15 $17 $19 

С} 2 pears (12 sues. 528 E32 536 

B [3 years |18 «sues $39 $15 $51 
*US Funde oq US Вац 
О Bit VISA О Misi Cod О ВЯ esr 4 Amerga oni) 


А Gard No Pv 


| —— ———————— 
Send to: ПОЗОСЮЎ дег. PO Box 512, Tujunga, СА 91092 


мы ЫШ ШЫЛ тшшщ сет, қышы ы» 
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DISCAT (32K 1-drive Min) Mod І, 111 $50.00 
This comprehensive Diskette Cataloguing/Indexing utility allows the user to keep 
track of thousands of programs in a categorized library. Machine language program 
works wilh all TASOOS and NEWDOS versions. Files Include program namas and 
Extensions, program length, diskette numbers, Мог and back, and diskette free space. 


KFS-80 {1-drive 32K Min — Mod Il БАК) Med I, 111 $100.00; Mod il $175.00 
The keyed file system provides keyed and sequential access to multipie files. Provides 
Ihe programmer wilh a powerful disk handling — for development af dala base 
applications. Binary tree Index system provides rapid access ta lile records. 


MAILLIST (1-drye 325 Ми - Mod 11 GAK) —. — Mod J, 11 375.00; Mod 11 $150.00 
This ISAM-báfed. RM m 53 line, POUL NGS ү no separate 
sorting. бирде -digil zip code and 3-dight state-sàdé, UMID е Jallübutes. Mask 
and query selection Record access times under 4 Secofidstt | 
СОМРЯОС (Mod 1 & Mod tii — Disk anly) Мой ЕЗ Mod Ht gan | 
Command Pracessor. Auto your disk ta реліогтеапу saquenge of Ingructions (паї 
you can give from the Keyboard. DIR, FREE, pause, wall Toe tper ІП, BASIC. No 
of FILES and MEM SIZE, RUN program, réspard Їр} «809 п!=, BREAK. 
raturn to DOS; ete. Includes lowercase driver-sotfwünt | hcé MIB screenprint! 
UTILITY PACKAGE (Mnd II — а 3) 5150.00 
Important enhancements le, соуагу-садавццаз alone wil! pay 
(ог ihe package In. even, one ар cation! 

UPÉBZAP аге 


ТД? iq-124 page manual! 
XHIT, XGAT, XCOPY and. ta teconstruct driver date fram 
bad diskettes! XCOPY pfayides' miulti-file ср АЛЫ беш "тӘ Бергі, absoluta 
2 арш ап@ тет poe ғ: ҚТАР "АПОРТ Ех Кате any ч 
iskelle Inc ude (rac ы М: [4 АЫ ШЕ: чак bam TU LN М ei preg COVErY. 
builds consolidated=director ba НЕ НЕЧ "-p- Mi display ог 
listing sorted һу disk name or file name plus more. Change Disk ID with DISKID 
XCREATE preallocalas lies and sels 'LOF' to and to speed disk accesses, DEBUG!) 
adds single step, trace, subroutine calling, program looping. dynamic disassembly 
and morg!! 


DEVELOPMENT PACKAGE (Mod || BAK) $125.00 
includes RACET machine language SUPERZAP, Apparat Disassembler, and Model 
| interface to Ihe Microsoft ‘Editor Assembler Plus’ software package including 
uploading services and patches for Disk 1/0. 
CHECK, VISA, М/С, C.0.D., PURCHASE ORDER Е НАСЕТ computes E 
TELEPHONE ORDERS ACCEPTED (714) 297-4850 1330 К. GLASSELL, SUITE М. 

"185-80 15 А FIEGISTERED TRADEMARK 

OF TANDY CORPORATION үм 
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This problem appears to be 
entirely within the computer 
itself. Local experts and Tech- 
nical System Consultants (it 
wrote the software) all seem 
to be baffled by the problem. 

The computer is a SwTPC 
(Southwest Technical Prod- 
ucts Corporation) 6800 
microcomputer wth 32K 
bytes of programmable mem- 
ory (two 4 K-byte boards at 
0000 to 1FFF hexadecimal and 
three 8 K boards at 2000 to 
7¥FF), ал А2 processor board 
with SwTBUG monitor, MP- 
C interface, and MF-68 dual 
disk drives, The system runs 
under Flex 1.0. The peripher- 
als are: CT64 terminal, AC30 
cassette interface, GE Term- 
inet 300 hard-copy terminal, 
and a РК40 parallel printer. 

Running MEMTEST1 indi- 
cates one small problem at 
address 3C2D hexadecimal, 
but, other than that, there 
appear to be no problems. 

The problem appears when 
using the PRINT statement 
running under Disc BASIC 
3.0 and all versions of 8 K 
BASIC. When running a pro- 
gram with any more than 25 
characters in a PRINT state- 
ment gnyiwhere іп the pro- 
gram, one of the following 
happens: 


eThe CT64 terminal will go 
into numerous control char- 
acter gyrations after printing 
the First 25 characters. 

e Both printers print the same 
“garbage” after the 25 char- 


acters, Each line printed will 
have the same "garbage" 
characters after the first 25 
characters, 


Strangely enough, this 
problem with the terminal 
and the printers does not oc- 
cur with the LIST command 
on any of the aforementioned 
versions of BASIC. When I 
use the 4 K-byte version, 1 
encounter no problems at all 
with the PRINT statement, 
Dave Coultish 
Ottawa, Ontario, Canada 


I asked our local SwTPC 
guru, Leo Taylor, to provide 
an answer, , . . Steve 


Unfortunately, 1 can't teil 
you anything solid, because I 
do nat have the BASIC you 
are using. і can, however, 
offer а few suggestions. 

I suspect you have con- 
fused a few people with your 
software description. To the 
best of my knowledge, 
guess you have Miniflex and 
SwlPC BASIC 3.0. Many 
people are confusgd between 
versions of Flex, If you have 
5-inch floppy-disk drives, 
you cant have Flex 1.0 
because it requires 8-inch 
drives and memory at hexa- 
decimal А000. TSC did not 
write BASIC 3.0; it was writ- 
ten by Rober Literwick and 
adapted by SwTPC. 

There is never a "small 
memory problem." BASIC 
has a way of finding memory 


problems that defy any other 
means of detection. Since 
you mentioned the memory 
error, you probably haven't 
swapped boards to eliminate 
if as a suspect, You have 
enough memory to remove 
any one board and still have 
the required 12 K starting at 
address 0000 and 4K at 
hexadecimal 7000. The 
BASIC you are using will 
scan for end-of-memory. If it 
finds а byte it considers bad, 
it stops scanning, backs up 
one address, and loads its 
stack. If the end-of-memory 
is near the start of a page 
(such as 3C2D), BASIC шй! 
fail to reserve enough stack 
space. This can cause nll sorts 
of problems. Thus, a minor 
memory problem becomes a 
major malfunction, . . . Lea 
Taylor 


Control Search 


Dear Steve, 

My company has been 
looking for a way to com- 
municate with a robot by 
using radio control. We were 


In "Ask BYTE," 


hoping that you might know 
of an integrated circuit that 
can be used. We need three or 
more digitally proportional 
channels that can be easily 
controlled by a computer. 
Michael Dubno 

Bronx NY 


National Semiconductor 
has recently introduced a set 
of devices for the remote- 
controlled toy market that 
тау be of interest іс you. 
The LM1871 (transmitter) 
and LM1872 (receiver) have 
the following capabilities: 


etwo analog channels 

e two digital channels 
eoperates on 27, 49, or 
72 MHz band 

eregulated pulse-width 
modulation radio-frequency 
output 


It doesn't have three ana- 
log channels as you re- 
quested, but it has a lot of 
power far ап 18-pin chip, 1 
recommend that you contact 
your local National Semicon- 
ductor sales representative 
for pricing and availability. 
. . , беуеШ 


Steve Clarcia answers questions on апу area of 


microcomputing. The most гергез entative qu estions received 
each month will be answered and published. Do you have a nag 
ging problem? Send your inquiry tà 

Ask BYTE 

clo Steve Ciarcia 


РОВ 582 
Glastonbury СТ 06033 


If you are a subscriber to The Source, send your questions by 
electronic mail or chat with Steve (TCE317) directly. Due to the 


high volume of inquiries, personal replies 
in the address 


sure to include “Ask BYTE" 


cannot be given, Ве 


багаш! МО cards. 


EXPANDABILITY: You can add memory, 1/05, Video ar Graphics carts, Аліһтейс processors, additional drive capacity, and of 
hardware now rm in Ihe (ишге to Eis 5550 bus structured system from GIMIX or other 5550 bus compatible manufacturers. 
SOFTWARE VERSATILITY: GIMIX усет can usa TSC'a FLEX of UNIFLEX and MICROWARE'S 05-9 operating systems. A wide 
variety of Software and languanes 15 avalladle for Inese systems. 
QUALITY: AN boards are assembled, burned-In, and tested and feature GOLD PLATED BUS CONNECTORS, Onty top quailty oom: 
ponants are used and aN beards are fully bultered for raximum system expansion. All boards coma complete with bus connectors 
and all necessary instruction and documentation. 
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6809 SYSTEMS (| 6809 5Ү5ТЕМ5 © 6809SYSTEMS @ 6809SYSTEMS 


Featuring iha БІМІХ maintrame with 30 amp C. V. taro- resonant power supphy: (ееп 50 pin and нул! 30 pin siot Mother Board: 
2 Mhz CPU with tima of day clock А battery back-up, iK RAM, 6840 programmable timer, provisions Ки 95114 or 9512 
Arithmetic processors, and 4 PROM/ROM/RAM sockels that can hold up to 32KB of monitor or user software. 

VARIETY: you can have 32KB, 5GKB, 12828 and up of sac RAM You can use 5'' and/or Б” disk drives, single or double 
density, single of double sided, and single or doute tracking wilh OIMIX disk controllers You have а wide choice ol sarai or 


Нах and ШиНая are trademarks bf Technical Systems 
GIMIX designs, manulactures and tesis, In-hmusa, (heir complete line of products. Complete systems are avallagle to ПІ your — Consoltanis Ine OSG ix a trademare Of Microware inc See 


feeds. Please contact (ha lactory Il you have апу special requirements. (тә ads MW omar QIMIZ compatibile sothware 


‘For turthar \пҥтайлап, pricing ало biüchures, contact 


Q 


догу дит prucis since 1975. 


1347 WEST 37th PLACE, CHICAGO, IL 60608 
(212) 927-5510 е ТИХ 810-221-4055 


GIMIX' and GHOST* ars reqesiered Irademarks 


ГАТ - 


Company Әні delivers 


ol GIMIX int 


For GIMIX compatible software sea Technical Systema Consultants ad page 199. 


Circa 148 on Inquiry card. 


DISK Ш 


, small ad: А 100% Compatible 
Big Saving: ое РЕЯ 


| | Drive Assy.' 

Sample Prices 1 | $599.00 
DRIVES-LOBO/TANDON/MPI-Frem $270.00 
64K SUPERBRAIN $2640.00QD $2990.00 = Disk Ш Dual 
ZENITH 289/48K-1 DRIVE $2204.20 Drive Assy. 
C. ITOH STARWRITER (25 cps) $864.00 

W/trac. $1499.00 IMMEDIATE DELIVERY COMPARE & SAVE 
DIABLO 630 w/trac. $2184.00 VR DATA's Disk ІН features: 
NEC 5510 5530 w/trac. $2650.00 е Completely compatible w/TASOOS™ 
EPSON MX-80 $475.00 MX-80FT $575.00 = State-of-the-art circuitry. 
MX-100 $695.00 ® Fully tested, calibrated and burned in 
FULL LINE OF CCS BOARDS CALL * Warranty 120 days 


Call for prices on items not listed. Installation with simple hand tools 
Prices subject 10 change Optional dual side and/or BOtk. 
$100.00 min. order қ Conforms to ҒСС Class B Specs. 

i A 'DISK НГ single drive assembly includes: one 40 track 
5%" double density drive, power supply, controller, 
mounting hardware, and applicable cables. 


SUITE 439 е 1115. OLIVE STREET Prices subject to change without notice, am 
MEDIA, РА 19063 е 1215) 461-5437 | е em mao 


DISK SUPPLY CO. 8 { \2 (ata. roten 


То onder cali Il) irea-880 345-8102 оғ (215) 461-5300 іл РА. 


" PRINTERS - 
Texas Instruments 
PACKA RD — ТІ 49/4 Haine Computes 950,00 © MAALD Chern Gaatey) Reti Үрш Сон 
vtot ТОШ GON | in Colar Monier іш 3874 65) 00 95 | 530 А102 hedeascinalftracios 2965 00 2693 800 
L^ doni an Ion ape | 32% Ew. Мат. Майце 19995 31695 | 1880108 keyboard, actor: 307200 289935 | 
| - > Extended Вамс, e MUST tut 100 00 cewe only 271000 2459.95 
16K Exp.Mematy Мойше 24500 238.85 32K Моно 1550K 136 беуфаяні Лес 322000 2999.95 


Graphics Мапе 7225 2450 DO 2089.95 
Personality Mad. 1962225 7510 57946 | n менш, Dove 130.00 129251 e CENTRONICS dot maira 
26918 Import prederíhey diy. 395000 2295.00 | RF Мадиш 58.50 50| 700 8 Рагін. heavy duty — 16D ON 1193.25 
Option 020 tor 26318 15000 12955 | Telephone Couple) (Modem) — 225.0 gg | 204 8 Serial, heavy duty 
E Duk Drives to chonta {ге Pinter кімі sigle! 400.04 i - Peralta 
829025 HINO pd 1119.95 —_ ——$<_ ——s па 
08954 8° Qual Оние 0650.00 5595 00 | ТІН Payable Catculatas 29500 199.95 [704 11 РҒагайігі 
Graphics Tablet 9111A 2050 00 1699.95 р. aed aar p т 1 Me ВБ | P-1 Electrostatic 
о и. н doc i 
КР. СУ Mew 22K byte awm 12500 259.95 | туку н иб. s йыз 945 95 a PAPER TIGER 
HPAC Calentar 25000 188.95 | МВА Finance А Вичпез ?ü йй 
Card Reader lur 41 СМС { Я ТІ іну Analyst Ea 
Peter tor @1 СУЛ 385 UO ; 11.55 бінік Rule 0 ар 
Optical Wand tor 41 СУГ ТІ Pragina Мемет іні 65 00 | (вар! үнінен 
Quad Ram equeh A Mem Mods 3500 Ws слету а large inventory al sif име, трасі permis 
Memory Modules lor 41C FT Gr sews iti ache к 
- гү accesso aed ірік ых 100 FT 15" papet 945 00 
Май Shawronm-& Offices: НР-87 Рош тш Printer 75000 579. WE ALSO HAVE 
216 South Oxford Avenue HP.B7 Progemble Гайсина! — 375.00 Ole SCIENTIFIC р 
Los Angales, CA 90004 HP.J4C Progrmble бшш — 150 00 ] ния СОНЫН Rami You Сим | * NOVATION Modem Retail Your Сом 
r HP JEG Реките Bus R/E 190.00 | CAT 19395 75995 
WE HÜNDR Береді) | НР-37Е Ade Bcmnufic 55 08 CBPOF -ABK 3495.00 3105.00 0 САТ 149 95 159.95 
VISA and MASTERCHARGE (ИЯ HP-37E Business fart. ЕТІ i © бин A” Divers. 064 col x 12 hneicolor | APPLE CAT Пнегі коние 34995 11495 
TELEX: Б? 34 77 қалы 1 ott e! Linares, e 1 MIPS | ii == — leaves) в SANYO Monton 
ORDER DESKS open 7 Days a Week! High Пенни. Мапи 1 uellet 
М n0 PM Man thru Sat ішу ather ON) ніні гї кааба 13" Сайн (mew) шаһ quality 55000 2399.95 
7:00 AM to 7: an таш 2 Num E EA L: По 12" Green Ро ино 15000 23945 
Sunday Noon to 5:00 PM ' " Black and Whit 14000 21995 
127 Black and е ; 
Order Desks: (213) 739-1130 We are an AUTHDRIZEO SERVICING ATARI ЕО 15 Black and White 170.00 23995 
TOLL-FREE TOLL-FREE APPLE DEALER SPECIALI pies. (16K be % BAW we best міні" 2150!) 149.95 


: i TUR НА rr ; қ АМОЕК {Laed Quality Moni 

(outside Calif.) (within Calif.) e! и; Retail $595.00 Your Cost:$339.95 | gq тем мн ПЫШ 12805 

| 800-421-8045 800-252-2157 18K 32M -ARK -96K -1 2EK Bartana! hac мані cariridga-$54.95 E, НН (ЕО 
Write B request our FAMOUS Catalog! | Ore with contaller DOS 1.1 and отри, EDU 16% bytes at RAM | 45 12" Green, 12 MHz — 189.00 15945 
Hundreds & hundreds of products-fromi many | SO column cardi ж7--..| #10 Program Анне 12" Green. 18 MHz 249 00 18095 
manufactarers-wuch at SONY, CASIO, VICTOR, Pe nae Dus о КЕШІМІЗ” БК). А Color | — wi "m иа 329.95 

үт 2 #25 Prinies 180 col { i зры! pudia aeg № speker 
CODE-A-PHOWE, MATTEL, ‘SHARP. CANON, абан. —— Celer (i 13" Col REG input, 99.00 5965 


іі here! 
ee Grapher Tablet а 820 Penter [40 св! ipani] | икн. шейи 


ал gae an io vitatis “ғұ, ла за yu Pascal and Fortan у В 830 Agnastir Modem | 
e pagana янот, ve өні ттен Or Dua Viale вай mare and more ЭР) Алан VuiCale 2 35| @ DEC үт1й0 & \7103 
ihe qvac ae fw APPLE (M. ВБК and 128% "CALL US" Linge uwenlary al ioTtware and ACERTADO HES, Call us tar yaar DIEEOUNTED price TODAY! 


Miomu дра) end hanging S495 А 
; Alt беби audiret pha veri icateranm md ссе тесе. Ай for Package Ше 10 Thine peral Prices NEW! Prom Г-го» 10 Ри шіні an boe ation Fer (viral Нета! "un 00 Youur Cor 795.00 
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JNNOVATIVE 
PRODUCTS 


COMPLETE CATALOG OF COMPUTER 
EQUIPMENT AT DISCOUNT PRICES. 


BEST PRICE EVER! 


$169 


RAM 65. 16K STATIC S-100 RAM 


BY COMPUTER SYSTEM RESOURCES 
FEATURES: Switch selectabie 1/0 port bank select 4K address 
steps. Uses 2114L-3 low power memory 1K de-select feature. 
Memory protect! Phantom, tully sockeled, assembled and tested 
Full ore vea 


TELEVIDEO TERMINALS: 
Medel 912C 695 00 
Model 920€ .. 

New! Modal 950 .... . 


QI. COMPUTER SYSTEMS: 


MODEL DESCRIPTION (ALi ASSEMBLED 4 TESTED, - PRICE 
MF*DD12À , .25А Mainframe; 12 Slot, 5100, Dual 8 Drive .5625 00 
25 A Tabletop Maintrame 18 Sot 5100 

‚ -25 А Mankame: 12 Slot, 6100 Dual 5 Drive .. 
&nole Board 2-80 Computer 2/4 Мп 5-100 . 
. Monitor Program far 2-ВОА & Tarbell or VF-1 . 
32K Static НАМ Board. Low Power, 5 100 
_.2 Senal & 4 Parallel Pon 170, 5-100,,. - 
.... Clock Calendar Board, S-100 ..,... 
... Glock Calendar Board, for Apple ,.... . 
QTCOCCTRS8O Clock Calendar Module lor TRS-BO .,. 


VISTA COMPUTER COMPANY: 


MODEL DESCRIPTION (ALL ASSEMBLED В TESTEM =, , PRICE 
V300/25 Letter ОцаМу Prrter 25 CPS., ... .. $1895 00 
V300/45 ..Letter Qually Pamer 45 CPS, ,,....... ..218500 
V-DRIVE .. Dual B" Disk Cabinet. Power Supply. Rack Mountabte ,.. 376 00 


COMPUTER SYSTEM RESOURCES: 


MODEL DESCRIPTION ІАЦ ASSEMBLED 5 TESTED: 

ВАМ 16 ..16K анс RAM 8-100... - 

RAM 16С .Low Power (CMOS) Verson ol RAM 16, 1 3 Watt, , ıı 25900 
RAM 65,,.1B% Static RAM, (/O Роп Bank Select, S: 100 ...,,. 169.00 
ВАМ GSC .Low Power (CMOS) Version al RAM 65 14 Wan .-1279 00 
RAM 32. .32K Low Power 8/76 Bit Static RAM, Fully IEEE 696 499 00 
НАМ 256..256K 8: 16 Ви Dynamic RAM Fully IEEE 696 .4 129800 
НО-В B Роп Зена! (/O, Futiy IEEE. up to 200K BAUD., ...,38500 


ORDERING INFORMATION: 
Minimum Order is $15 00 Prices quoted do not include shipping 
and handling Foreign orders require prepayment! by МСА or 
Money Order in U.S, tunds, Purchase Orders accepted from US 
Government & firms with published А! Rating тот Dunn & 
Bradstreet. All other orders regure prepayment, charge саға, 
or COD shipment 


TOLL-FREE PHONE NUMBER: 
Call Toll-Free: 7 (800) 423-5444 іп Alaska, and Hawaii, call us 
collect at |213) 883-3244 


TO RECIEVE OUR FREE CATALOG: 
Cal our Toll-Free (800) number, or cycle Reader Service # 


аттап! 


EPSON PRINTERS: 
Model MX-7D 4... . 
Model MX-BO 


7131 OWENSMOUTH AVE. / #210 
CANOGA PARK, CALIFORNIA 91303 


213 / 883-3 | | 
adem INNOVATIVE 
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Books Received 


Apple Crunch, novel by 
Frederic Vincent Huber. New 
York: Seaview Books, 1981; 
15 by 22 cm, 264 pages, hard- 
cover, ISBN 0-87223-687-0, 
610,95. 

Calculator Clout: Pro- 
gramming Methods for Your 
Programmable, Maurice D 
Weir, Englewood Cliffs М): 
Prentice-Hall, 1981; 18.5 by 
24.5 cm, 235 pages, hard- 
cover, ISBN 0-13-110411-X, 
$17.95; softcover, ISBN 0- 
13-110403-9, $8.95. 

Computers far Everybody, 
Jerry Willis and Merl Miller. 
Beaverton OR: Dilithium 
Press, 1981; 14 by 22 cm, 173 
pages, softcover, ISBN 0- 
918398-49-5, $4.95. 

Computer Literacy: Prob- 
lem-Solving with Computers, 
C E Horn and J L Poirot. 
Austin TX: Sterling Swift 
Publications, 1981; 18.5 by 
23.5 cm, 304 pages, soft- 
cover, ISBN 0-88408-133-8, 
$13.95. 

Computer Solution of 
Large Sparse Positive Defi- 
nite Systems, Alan George 
and Joseph W Liu. Engle- 
wood Cliffs М): Prentice- 
Hall, 1981; 16 by 23.5 cm, 
324 pages, hardcover, ISBN 
0-13-165274-5, $24.95. 

The Devil's DP Dictionary, 
Stan Kelly-Bootle. New 
York: McGraw-Hill, 1981; 
13.5 by 20.5 cm, 141 pages, 
softcover, ISBN 0-07-034022-6, 
$7.50. 

Electronic Circuits Note 
Book, Proven Designs for 
Systems Applications, edited 
by Samuel Weber. New 
York: McGraw-Hill, 1981; 22 
by 28 cm, 344 pages, hard- 
cover, ISBN 0-07-019244-8, 
$32.50. 

Manual of Pharmacologic 
Calculations with Computer 
Programs, Ronald J Tallarida 
and Rodney B Murray. New 
York: Springer-Verlag, 1981; 
16 by 24.5 cm, 150 pages, 
hardcover, ISBN 0-387- 
90500-6, $17.50. 


Microsoft FORTRAN, Раш 
M Chirlian, Beaverton ОК: 
Dilithium Press, 1981; 14 by 
22 cm, 333 pages, softcover, 
ISBN 6-918398-46-0, $14.95. 

Outland, The Movie Novel, 
edited by Richard J Anobile, 
from the screenplay by Peter 
Hyams. New York: Wamer 
Books, 1981; 22 by 27.5 am, 
160 pages, softcover, ISBN 
0-446-97829-9, $9.95. 

Program Flow Analysis: 
Theory and Applications, 5 5 
Muchnick and N D Jones, En- 
glewood Cliffs NJ: Prentice- 
Hall, 1981; 16 by 23.5 cm, 
418 pages, hardcover, ISBN 
0-13-729681-9, $23.50, 

Scientific Analysis for Pro- 
grammable Calculators with 
Algebraic Operating Sys- 
tems, H R Meck. Englewood 
Cliffs NJ: Prentice-Hall, 
1981; 18.5 by 24.5 cm, 175 
pages, hardcover, ISBN 0-13- 
796417-X, $15.95; softcover, 
ISBN 0-13-796409-9, $7.95. 

Software Metrics, edited 
by A J Perlis, F G Sayward, 
and M Shaw. Cambridge 
MA: The MIT Press, 1981; 16 
by 23.5 cm, 404 pages, hard- 
cover, ISBN 0-262-16083-8, 
$25. 

Thirty-Two BASIC Pro- 
grams for the Exidy Sorcerer, 
T Rugg, P Feldman, and K 
McCabe. Beaverton OR: Di- 
lithium Press, 1981; 14 by 22 
cm, 265 pages, softcover, 
ISBN 0-918398-35-5, $16.95.8 


This is a list of books | 


| received at BYTE Publica- 


tions during this past 
month. Although the list is 
not meant to be exhaustive, 


its purpose is to acquaint 
BYTE readers with recently 
published titles in computer 


science and related fields 
We regret that we cannot 


| review or comment on all 


the books we receive, in- 

| Stead, this list is meant to be 
а monthly acknowledgment 
of these books and the pub- | 
lishers who sent them 


Сігсів 127 on inquiry card. Circle 318 on Inquiry сага. 


OUR 
SPECIAL 
CASH 
. PRICE 
S.D. Systems 80x24 Video Board 
A&T 


420.00 


S.D. Systems Versafloppy || 
Double Density Disk Controller 
м/5005, DDBIOS, VDIAGS, & 
Monitor; A&T 500.00 380.00 


Shugart SA 600/801R Bare Drive 600.00 399.00 


LINE VOLTAGE | IMC Disk Box for 5%" Drives 39.00 29.00 
TRANSIENT CLIPPING SSM 1/0-4 Kit 2 Parallel + 2 Serial 210.00 168.00 


Features Parallel Operation 5000 Hits/ Second Mullen TB-4 Extender Kit w/Probe 5900 4700 


PROTECTS: PROTECTS AGAINST: Sub|ecl іп Available Quantities =» Proces Quoted Include Gash Discounts 
eComputers «High Energy Voltage Shipping & Insurance Extra 

*Micro-Computer Systems Transients | Wa carry ail major lines such as 

eWord Processors eQn-Off Switching S.D. Sysiems, Crnmemco. Ithaca Inlarsystems, North Star, 
eCash Registers Lightning Induced Transients | Sanyo, ЕСУ, TEI, Gadbout, Thinker Toys, 55М 

Power Supnlies elnrush of ОПОН Power For a specia! cash price, telephone us. 


№76: 


Please note our new address. 
MARC INCUN g-iULl.inc. 


INDUSTRIES, INC. SURGE SUPPRESSOR LISTED 
Dealer inquiries Invited. 14425 North 79th Street, Suite В 


7133 Rutherford Rd. Baltimore, Md. 21207 „сна елена, 
K (301) 298-3130 | | Hours: Mon. - Fri. — 9 a.m. to 6 p.m. MST 


1 EDITOR, ASSEMBLER AND MORE! 
ue" : | 2; 5 


SOFTWARE DEVELOPMENT SYSTEM | 7 эы 
The Micra Works Software Development System (505800) is а complete 6809 CRACK THOSE ROMS! 
editor, assembler and jp mg contained in one Color Camputer program * 
“һа 


pack! Vastly superior 10 RA assemblers/edilors, the 5175800 Is non- | SOURCE GENERATOR: This package is a disassembler which runs on the color 
volatile, meaning (hat il "m application program bombs, it can'l destroy your | computer and generates your own source lisling ol the BASIC interpreter ROM 
edilor/assembler. Plus И leaves almost all of 16K or 32K RAM free (ог your | piso included Is а documentation package which gives uselul ROM епігу points, 
program. Since all three programs, editor, assembler and monitor are co-resigent. | complete memory map, 1/0 hardware details and mora, А 16K system is required 
we eliminate ledious program loading when going back and tarth trom editing to | tor ha use of this cassette. 80С Disassembler Price: 549,95 

assembly and debugging! 

The pawertul screen-oriented Editor fealures finds, changes, moves, copys and 

much more. All keys have convenient auto repeat (typamatic), and since no ling 

numbers are required, the full width of the screen may be used to generate weil CBUG IS HERE! 

commented code. | MONITOR TAPE: A cassette tapa which allows you to directly access memory, 1/0 
The Assembler features aH of the following: complete 6809 instruction set; | and registers wilh a formatted hex display. Great lor machine ria" | 
complele 6800 sel supported for cross-assembly; conditional assembly; local programming, debugging and learning. It can also send /receive В5232 at up to | 
селек assembly to cassette tape or lo memory: Hating to screen or printer; and Бана, including host system download/upload, 19 commands in all. 
mnemonic error codes instead of numbers. Relocatable and reenirant, CBUG Tape Price: $29.95 


The versatile ABUG monitor is a compact version af CBUG, lailered for debuggin MONITOR ROM: The same program as above, supplied in 2716 EPROM. This 
programs generated by the Assembler and Editor. It features examine/change ol № allows you to use the entire RAM space. And you don t need to re-load the monilor 
пету о registers, cassette load and save, breakpoints and more. 509000 | each time you use it. The EPROM plugs into the Extended Basic ROM Socket ага 
Price: $89.95 modified ROMPACK. CBUG ROM : $38.85 


LEARN 6809! PARALLEL O! зек RAM! 
6809 ASSEMBLY LANGUAGE PROGRAMMING, | USE A PARALLEL PRINTER wilh your Color | MEMORY UPGRADE KITS: Consisting of 4116 
by Lance Leventhal, contains the most comprehen- | Computer! Adaptor box plugs into the senal рой and | 200ns integraled circuits, with Instructions for 
sive felerence material available for programming | allows use of Centronics/Radia Shack compatible | installation. 4K-16K KA Prim: $39,95. 15K-32K 
your Color Computer. Price: $16.95 rimers with parallel interface. Assembled and | Kil (requires soldering expensnce) Prica: $39.95 


ested, PIBOC Price: $69.96 
WE SHIP FROM STOCK! 


"emo Ё aoonsturr! — E SHIP FROM STOCK. 


МУО [56 ро. вох 1110 DELMAR, CA92014 714-942-2400 
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THE TSE-HARDSIDE 1982 MICRO-COMPUTER BUYER'S GUIDE 
is now available! We've included such 
valuable information as print samplas 
irom each of the printers wa Carry, 
feature-by-feature comparisons of Micro- 
Computer systems іп an easy-to-read 
table format, an informative article on 
Micros, and pagas and pages о! complete 
product descriptions. 

We're making this valuable reference 
available for only $2.95 (retundable on 
your next purchase fram TSE-HARDSIDE.) 
Charge customers are welcome to call our 
toll-free number: 1-800-258-1790 (іп NH call 
673-5144) THE TSE-HAADSIDE 1982 
MICRO-COMPUTER BUYER'S GUIDE will 
soon arrive at your address via first class 


TSE-IHARRDSIDE 


Dept. C, 14 South Street 
Milford. NH 03055 


ee ete, me cee ee ae eee eee eee eee eee ee 


Yes! Send me the ва 
TSE-HARDSIDE 1982 Micro-Computer Buyer's Guide. 


I've enclosed $2.95 
Charge to my credit card 


Clubs and 


Newsletters 


Join a Georgian Club 


The Statesboro TRS-80 
Users Group is interested in 
all aspects of TRS-80 comput- 
ers, especially word-process- 
ing and business applications, 
Contact the club c/o Dr 
Russell A Dewey, 223 N 
Edgewood Dr, Statesboro 
GA 30458, (912) 681-3631. 


Apple Сипа 


The Apple Guild promotes 
the interchange of informa- 


Please send only your FREE Price List 
tion and applications among 


MasterCard Visa 


Gard No. — Apple users, The Guild main- 
Interbank No. Exp.Date . .— .— tains a collection of hard- 
Signature copy material and software at 
Name ж the Apple Resource Center, 
Address Тһе Resource Center is 
City located at Massasoit Com- 
State Zip Code munity College, Brockton, 


Г------------- 


Massachusetts. The Guild 
publishes a quarterly journal 
and supports a telecommuni- 
cations system at (617) 
767-1303. Contact the Apple 
Guild, POB 371, Weymouth 
MA 02188. 


RAR ee — ——— 


————— KC 


with the 


P&T-488 


Ohio Apples 


The NEO Apple Corps is 
devoted to Apple computers, 
The Corps publishes a news- 
letter called Apple Bits. Соп- 
tact the group at 21750 Miller 
Ave, Euclid ОН 44119, (216) 
486-2317, 


CP/M' 
Cromemco 
North Star 


B inexpensive S-100 computers can now communicate with the 
ІЕЕЕ-488 instrumentation bus. The P&T-488 meets the IEEE-488 
1980 standard for controller, listener, and talker. 


Ш "Canned" software allows simple communication with the Micropolis 
488 bus from Basic, Pascal, and other high level languages. Users Group 
Ш Special features include an interactive busmonltor program ” Members of the Microvoli Ши Бегирек 


366 September 1981 © BYTE Publications Inc 


and a functional seif-test program. 


р Price for (1) РАТ-4ВВ with software, assambied and (asied: $450 


{domestic prica) FOS Goieta, СА 


CP/M is а registered kademarh of Digital Research 


PICKLES & TROUT 


же ға О av 1206. GOLETA. CA 93116, (805) 685-4641 


Circle 293 on Inquiry card. 


Users Group use Micropolis 
disk drives in their computer 
systems. The group offers its 
members a monthly newslet- 
ter and discounts on soft- 
ware. Also available are li- 
brary disks and directories of 
software vendors and group 


Сігсів 342 an Inquiry card. 


Apple Dealers... 


We Need 


Circle 195 on inquiry card, 


LDP88 8088 CPU BOARD 


e В088 CPU 5 MHz operatian 74 5 peut: to 8 MHz © & veclorad inter- 
tupts в Fully complies with IEEE 696 electrical and timing spaca « RS232 
serial port with modem controls е 1K bytes о! static RAM • 2 EPROM 
sockets (2716 or 2732) » 8087 upgrade kil avaliable in Sept. = B bit bus 
gases interface іс other 5700 bus boards в 1MByle aditrass space » 65K 


O poris 
64/256K MEMORY 


в Bor 16 bil operation + Meols ші IEEE 696 speca е Access tims 350 na 
(rom PSYNC low * Intel 8203 dynamic RAM controller = 24 ог 18 bít ad- 
dress decoding ® No wall aetates with 5 MHz 8088 ог 8088 • Parity with 
Error Interrupt genarallon е Na ОМА RESTRICTIONS е 64K board Is up- 
gradeshia lo 256 Kbyte board 


HAZITALL 


а 2 Seria) 85232 ропа » 2 parallel pona with handshake control » Math 
processor suppor (8231/9511 or 8232/0512) « WINCHESTER DISK support 
* Real time programmabis Interrupt е Clock/calendar with battery back 
up е Synchronous data communication supported 


LDP72 FLOPPY DISK 
CONTROLLER 


» (ВМ compatible aingle and double density lormst е Single or double 
sided drivas = Programmable dala record tength ра to 8102 Бугая“ 
весіог) > Multi sector and mulli Irack translar capability « Рага! soeke 
on up 10 4 drivaa • On board digital data separstor + Soflware salectabia 
single or double density operation а Saparate connectors tor 5ta” and B" 
drives а Softwara salaction of slandard or minidrives eliowing mixing о! 
both drivas on а single controilar 


We've written ТААМ, a complete surveying package 
that i$ second to none, [1 hasal!l the routines needed 

for surveying. it's menu driven and heavily prompted. 
The manual was written in straightforward every day 
surveying language by а third generation surveyor 

who has been working with computers since 1955. 
Surveyors are ganera ү accustomed to dedicated calculators 
or computers, ost of them are just doing their sur- 
veying and enginearing computations and аге not ulil- 
izing the capability of а general purpose computer like 
the Appia to do payroll, G/L, A/P, A/R, word processing 
Gr job costing. 

That's where уси come in, ‘You sell ‘em the hardware 
and the other software and we'll help you sali ‘em our 


Soltware suppor for 86-005 and СРЛИ-88. 
88-205 


program, If you or your customer nave questions, we'll CP!/M-86 $250 $185.00 
be арру to answer them for you. $349.95 LDP72 $274.95 
TRA is no stranger to surveyors, We're advertising іп HAZITALL $325.00 LDP64K НАМ $605.00 
а! national surveying publications. We have satisfied users LDP128K НАМ $1295.00 LDP2ZS56K НАМ $2005.00 


Complete systema also avaliable. 


СРІМ-88 (в а tradamark of Digital Research 
86-005 ів а tradamark of Sedita Computer Products 


LOMAS 
BRO Blt Westborough, MA 01581 


Telephone: (617) 366-4335 


DISCOUNT.PRICES . savess 


PRINTERS 


dll Over the U.S. 
Our discounts are great. 
Call or write for а user manual. 


Р.О. Drawer 808 Hwy 64 at Old Hwy 1 
Apex, N.C. (919) 362-7000 


EPSON МХ-70 399.00 
EPSON MX-80 499.00 
EPSON MX-80 FT 549.00 
GRAFTRAX 80.00 
INTERFACE (APPLE) 75.00 
CABLE 82,50 


CENTRONICS 737-1 785.00 
GENTRONICS 737-3 855.00 


Jer 


АТАРГ North Star Computers 


IDS 4456 B15.00 
108 480G 1195.00 
16K APPLE II 1089.00 | 40016x 349.00 НЯ2-20-32К 2795.00 
32K APPLE II 113400 | 80016K 75000 | HR2-20-4aK 295600 | !05 580G 7450.00 
48K APPLE II 1179.00 | 410 Recorder 84.00 HR2-2D-64K 3145.00 | МЕС 5510 WITRACTORS 2550.00 
DISKWICONTROLLER 535.00 | 815Disk 1198.00 HR2-ZQ-32K 2975.00 | МЕС 5520 KSA WITRAC. 2995.00 
DISK ONLY 45500 | 81!0Disk 489.00 HR2-20-4BK 3165.00 T 
APPLESOFTCARD 15900 | 822Printer 35800 | HR2-20-54K om | (анттын Чеге 
INTEGER CARD 159.00 825 Printer 779.00 | 
PASCAL SYSTEM 42500 | B30Modem 159.00 HRAM 32K 469.00 | STARWRITER W/TRAC. 1885.00 
SILENTYPE PRINTER 525.00 850 Interlace Module 179.00 НВАМ 48К 662.00 STARWRITER W/O 
HAYES MICROMODEM 295.00 | СХ853 RAM 8500 | НААМ 64к 849.00 TRACTOR 1500.00 
2-80 SOFTCARD 28500 | CX70 Light Pen 64.00 SIBH n 
VIDEX 80 COL. BRD. 295.00 CX3D Paddla 18.00 ec lea — Po General Information: 
16K RAM BOARD 189.00 CX40 Joyslick 18.00 MDS-DRV-Q 665,00 We carry a large selection ot hart 
АОС-1-0 740.00 ware end soltware by olher oom- 
RAM MEMORY VERBATIM DISKETTES ADC-2-D 895.00 рапіев. Send tor our catalog 
FOR TAS-80, APPLE || Вох с! 10 544 29.50 | ADC-1-0 795.00 | APPLE АТАМ, NORTH BTAR. AND 
ТЕК БЕТ 4116's (200 NS) 24.85 Бох 0/10 8" 39.50 ADC-2-Q 1285.00 EPSON. 
i i PRICES SUBJECT TO CHANGE WITHOUT NOTICE МА HYLAND HESIDENTS ADD 5*5 SALES TAX 
FREDERICK 5726 INDUSTRY LANE Store Hours: 
MON. THAU THURS. 9:30 AM-—5:00 РМ 
COMPUTER FREDERICK, MD. 21701 FRI. AND SAT. 9:30 АМ--5:00 PM 


PRODUCTS, INC. TO ORDER CALL: (301) 694-8884 
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Ginnie 83 on inquiry card. 


С ATTENTION GOVERNMENT D P 
USERS AND PURCHASERS 


We represent many fine micro products and manufacturers 
оп the U.S. Government's GSA Schedule, including 


Apple, Cromemco, Micropolis 


and Seequa Computers 


Purchasing from the Schedule will save you the time 
consumed by the bid process, Products shipped throughout 
the United States and world-wide. Visit or write any of our 
stores for more information or to receive our catalogue of 
products represented. 


o (ӨРҮ 
the dependable store 


257 West Street, Annapolis, MD 21401 — (301) 268-6505 
13A Allegheny Avenue, Towson, MD 21204 - (301) 296-0520 
9330 Georgia Avenue, Silver Spring, MD 20910 — (301) 588-3748 
6671 Backlick Road, Springfield, VA 22150 — (703) 644-5500 
Plaza 38, 2442 Route 38, Cherry Hill, NJ 08002 — (609) 779-0023 
Callers outside metropolitan areas served by our stores 
Please call (301) 268-5801 
Career Opportunities Available * Ап Equal Opportunity Employer 


LETTER QUALITY PRINTER 


e DUAL USE. A PRINTER AND A TYPEWRITER 
e SELF TEST PROGRAM BUILT IN 


The BYTEWRITER is а printer consisting of a microprocessor controlled 


assembly intemally connected to an SCM Coronamatic 8000 office 
typewriter. 


OTHER FEATURES TO ORDER 
Back scan - Send certified check or money order. 
Parallel input. Personal checks take 2 weeks. 
Pin compatible with - We do not ship C.O.D, 
TRS-80 expansion interface. Add $10 for shipping and handling in 
| Typewriter operation with continental USA. 
nothing to disconnect. N.Y.S. residents add 7% sales tax. 


BYTEWRITER 


125 NORTHVIEW RD., ITHACA, N.Y. 14850 
(607) 272-1132 


SCA Сәгізгелтінііс А000 15 a Irnrlenmark id АСЫ Comi 
HS Ata is п ивістагк of Tans 
ҢҮТЕЗҮНТГЕН ім и lractemmrrk of ie елі иң ийе 


Gircla 48 оп Inquiry card. 


members. Contact the Micro- 
polis Users Group at 604 
Springwood Cr, Huntsville 
AL 35803, (205) 883-2621- 


MCMS 


MCMS (Military /Civilian 
Microcomputer Society) is 
devoted to the exchange of 
ideas and information about 
all types of computers. No 
particular. microcomputer is 
emphasized. Contact the 
Military/Civilian Microcom- 
puter Society, Gunter AFS, 
AL 35114, or call Jim Wolfe 
at (205) 279-4816. 


Lists of Used 
Microcomputers 


The Used Computer Ex- 
change is a listing service that 
puts you in direct contact 
with sellers. Customers pay 
$5 for quotes on completed 
transactions and for full cur- 
rent listings. Sellers pay a 
commission only if a transac- 
tion is completed with a 
buyer referred by the Ex- 
change. 

The Used Computer Ex- 
change lists any microcom- 
puter hardware that original- 
ly sold in the $400 to 825,000 
price range, Contact the Used 
Computer Exchange at 2329 
Hunters Woods Plz, Reston 
VA 22091, (800) 327-9191, 
ext ól; іп Virginia, (703) 
471-0044. 


1802 Fans 


The VIP Hobby Computer 
Association is made up of 
users of the RCA VIP and 
other 1802-based microcom- 
puters. The group's newslet- 
ter, Viper, contains pro- 
grams, advice, and helpful 
hints. Membership fees are 
$12 per year, which includes 
the newsletter. Contact the 
VIP Hobby Computer Asso- 


Circla 65 on inquiry card. Circle 203 on inquiry card, 


GET THE BUG 
OUT OF YOUR 


@ Components Express, Inc. 


‘Have you kissed your computer lately?" | 
1380 E. Edinger. Unit CC Santa Ana. СА 92705(714) 558-3972 


| BROAD BAND MICROWAVE 
RECEIVER SYSTEM 


y 
$295.00 


е Ревд-Ногл Recewer 

* Mounting Bracket 

* Mounting Clamp 

ә Instructions 
WARRANT Y: 


useage and handling 


guarantae, 


PMC PERSONAL COMPUTER 


Нам! Рог emat bushesses school collegas, ты elr 
Suitable fue thn captenga тоер, et 
wacker Pte EG 


= 


WITH 
NEW 
EXTRA 
KEYS! 


ӘЛЕК user RAM 

plus extended 12K. Miccosols 

BASIC m ROM @ Fully TAS Bü Level I] 
saltware compatible & Hinge 

lange of soliwane riady avallabie @ Sell cantammd PSU, 
МНЕ modulator, and cassette @ Simply plugs mto wien 
monto a ОНЕ TY @ Full axpansian 10 disks and penus 
8 Абеу complete пи lit mio mains pop 


SHARP 
PC1211 


$190 


COMPUTER 
POWER THAT 
ONCE FILLED A ROOM 
CAN NOW GE CARRIED IN YOUR POCKET! 
e Programs in BASIC a *"QWERTY" Alphabetic 
Keyboard 9 1.8K Random Accass Memory 
è Long Batlary Lite. 


TV GAME BREAK OUT KIT 
4 Wn 


POSTAGE,- 
#20 


Ни ірі? Fer le йін Т ЕН ні Б 
grita St ТУ pies nga relly per 
име) Наз aiu % prier paribali 
{акту аки НИЕТ ЕРІГІШ. 
Cacat bat Тем табиин ald] 
БШШ ТАТЫ 


MINI KIT 
зі de ode А Vesy апт" опаты”! 830.00 
OR PUB 88.00 MAIN L5) 317.00 


ІМктобсе! 7; 
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1.8GHZ to 24 GHZ 


With built-in-converter to channel 
2, 3, or 4 of any standard TV set. 


e 750 Ohm lo 300 Ohm Adapter 
e 60 Feel Coas Cable with Conneclors 
e 3 Feel Coas Cable with Connectors 


180 days for all factory defects and electronic laures tor normal 
Oefedtwe sub assemblies wil! be replaced 
wilh new or r&-manulaclured sub assembly ом а 46 hour exchange 


This System в not a К and requires гю additional devices ог equipment olher than 
в TV яа! to place м оранюл DEALER INQUIRIES INVITED. 


РСВ souew? Oy resi modia rinmnty ctp 


oT he Sk ee 


RANGE Ling of sight to 250 miles 
SCOPE, Will recetve within the frequency band trom satelites. primary 
Microwave sjations. and repeater microwave booster 
slatians ^ 
CONTENTS Packaged m 19"x19"x4 1/2" corrugated carton сотрівів Locate the bug in your | ae used Capable of 
with: юку | 
« 24" Dish. © 300 Ohm ta 75 Ohm Adapter ——— ре. in age јни 


TTL SALE 


781,574 74L S365 


74L5373 
?ййА 


30.75 
52.20 
$5.50 


744 500 


L504 
TAL 506 
74.510 280 34,20 
741,532 REG 7905 40,90 
SOCKETS LOW PROFILE 


VÀ PIN $0.10 18 PIN $0.15 24 PIN $0.25 
16 PIN $0.10 20 PiN $0.15 40 PIN $0.30 


10V Power Adapter Om). 96.30 (ІНЕ Modulators $9.90 


GET YOURSELF A NEW EPSON 
МХ80 + MX70 PRINTER AND 


SAVE A FORTUNE egg 


Price оп apphicatian 


Iterfacg Carris tor Apple 
Pet TASBO япа ИАС 
BS232 tyres Cards nat 
төктү Мае port 


ви! TRS80 


СОМР РНО МІХЕН 
| Professional 
audio mixer 
| that you can 
| build yoursalf 
and save 
| over $200. 


| | Only 6199 for 
22 e! а! complete kii 


М = 


$50.00 
ACCESSIT AUDIO ADD-ONS 


POSTAGE 
$20 


POSTAGE 
$20 


alt new BUG CATCHER 
Rehable and easy to use, 
this himesaver fits easiy 
іп pocket or case. 
Functional for any 
computer where EPROMS 


* EL HIGHER 


MARTEC SYSTEMS, INC 
РО. BOX 9069, NEWBURGH, NY 12550 (914) 965-4044 


LOOK! 


| specihe address. Stop 
losing time and patience 

НҚА CATCHER is the 

efficient answer 

$195 complete (plus 

applicable sales tax) 


MICROACE/ 
SINCLAIR USERS 


8K FLOATING POINT 
SUPER ROM PACK 


WITH NEW MANUAL ом $35 


MICROACE/SINCLAIR 
VIDEO UPGRADE KIT 


Only tuns wih NEW ROM 
i&mooth screen dienbay] ONLY $29 


MICROACE/SINCLAIR 
16K RAM PLUS 
EXPANSION BOARD 


3 SLOTS WITH EXTRA POWER SUPPLY 
ONLY ONLY 


16K $149 4K $110 


[Microficel 


A COMPLETE 
COMPUTER 


A new 
generation of 
miniature 
computers 


2K ки ONLY $149 


Раз and Packing FREE 


| Sicilian в a Feaistered Tradermork of білсіше Research Ltd 


Pisase make checks and money orders payable 10 MicroAce or phone your order quoting Master Charge, Visa, 
Diners Club or American Express number for immediate despatch. Add 6% Tax for Shipments inside California, 


MicroAce, 1348 East Edinger. Santa Ana. California, Zip Code 92705. Telephone: (714) 547 2526 
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UNBELIEVABLE! 


State-of-the-art Single-Board computer 
now available! Can be used in S-100 
(Master, Slave, Multi or Single user) 

or Stand-Alone configurations. 


FINALLY, state-of-the-art performance із зум The 5-100 version of this product can act аз а 


able at ап affordable price, Master processor, Slave processor, or inteli- 
COMPARE THESE FEATURES: gent peripheral controller. Intra-processor com- 
a EBOA or ZBoB munication is achieved through the use of efti- 
» 4 TIMERS |ZCTC) tent, high speed Buss transfers using тресіні 
» AK RAM ҚАКХІ CHIPS) hardware/software techniques. 
* 2 SEMAL PORTS |250) We also have what we think Is one of the best 
р = гаа тесе e implementations of a CP/M BIOS avallabie off 
EPROM the shelf. The ВІ f : 
» NEC FLOPPY DISK CONTROLLER T UE оа биш 
{UF TO FOUR 8" DOUBLE SHENDOUME DENSITY DRIVES} * All Devices INTERRUPT DRIVEN 


" INTELLIGENT WINCHESTER INTERFACE 


• Туре Ahead Input/Output Suffers 
* ON-BOARD EPROM BURNER — a - 


сез NOT жасыл 74V] > RealTime Clock 
FOR THESE SINGLE QUANTITY PRICES: * Time Of Day Clock 
$ 89 00 е MuitiHevel User Password Support 
AMZ VERSION (200АЈ е Menu Driven Utilities for Format, 


Disk Copy, etc , 
& MZ VERSION |2806) 5 1 ,19509 * Unique Configuration Utility Program 
far Setting Baud Rates, Changing Step 


4 ME SLAVE PROCESSOR | $79500 Time, Changing Passwords, etc. 
“ Cylinder Concept used for Double Sided 
оо Doub!e Density Configuration 
е A ton ote е^ => 31,095 Resulting in Increased Performance 


Сан із nc ымыы Massage cd Duos Cont Copeman 
Dealer inquiries Invited 


Sierra Data Sciences 
1800 East Shaw Avenue 9 Sulte 164 * Freano, California 04710 = (800) 294-1590 


ATTENTION GOVERNMENT D P 
USERS AND PURCHASERS 


We represent many fine micro products and manufacturers 
on the U.S. Government's GSA Schedule, including 


Apple, Cromemco, Micropolis 


and Seequa Computers 


Purchasing from the Schedule will save you the time 
consumed by the bid process. Products shipped throughout 
the United States and world-wide. Visit or write any of our 
stores for more information or to receive our catalogue of 


products represented. 


000000000060 
(һе dependable store 


257 West Street, Annapolis, MD 21401 — (301) 268-6505 

13A Allegheny Avenue, Towson, MD 21204 — (301) 296-0520 
9330 Georgia Avenue, Silver Spring, MD 20910 — (301) 588-3748 

6671 Backlick Road, Springfield, VA 22150 — (703) 644-5500 
Plaza 38, 2442 Route 38, Cherry Hill, NJ 08002 — (609) 779-0023 

Callers outside metropolitan areas served by our stores 
Please call (301) 268-5801 

Career Opportunities Available * Ап Equal Opportunity Emplayer 
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Circle 84 on Inquiry card. 


ciation, 32 Ainsworth Ave, 
East Brunswick М) 08816. 


Amethyst Users 
Group In Texas 


Amethyst is an expandable 
text editor and formatter dis- 
tributed by Mark of the Uni- 
corn. Amethyst’s command 
set is written in BDS C. The 
Amethyst Users Group assists 
users in developing exten- 
sions іс Amethyst. Annual 
membership is $6, and floppy 
disks are $5. Contact the 
group at 1633 Royal Crest, 
41128, Austin TX 78741, 
(512) 441-9466. 


Sorcerer 
Users Newsletter 


Port Fe is a newsletter For 
Exidy Sorcerer users. It in- 
cludes articles, equipment 
reviews, and program list- 
ings. Subscriptions are $15 in 
Canada and $23 elsewhere. 
Contact the Sorcerer Users 
Group Toronto, POB 1173, 
Station B, Downsview, On- 
tario, M3H 5V6, Canada. 


Club іп the 
Heart of Texas 


The Midland Microcom- 
puter Users Association 
meets at 7 PM on the first 
Wednesday of the month at 
the Sound Machine in Mid- 
land, Texas. The club's main 
interests are exchanging in- 
formation and assisting new 
computer hobbyists. If you 
own a micracomputer, you 
are invited to join, even if 
you don’t live in the area. 
The annual fee is $15, and a 
newsletter is being worked 
on. Contact the Midland 
Microcomputer Users Associ- 
ation, 1024 Andrews Hwy, 
Midland TX 79701: or con- 
tact Mark T Cruse, 3609 
Stanolind, Midland TX 
79703, (915) 694-4868,Ш 


Circle 113 on inquiry card. 


GAT-100 свлрнгсз 


The original 256-color imaging system with 
high resolution video FRAME GARBER 
for the $-100 bus. 

Capture and digitize a video frame in 1/60 of a LEE D 
second. Select the best resolution for your 

application, from 256 to 1280 pixels "ad | | | 
per TV line. Display your digitized Га 


Сігсів 310 on inquiry card. 


 JANUS Ф 


the language that is based 
on the past but looks to the 
uses ‚ of the future: 


JANUS is a true compiler for a subset of ADA. 
ог computer processed bnage ADA is the much awaited U.S. Department of 
with 256 gray levels or 256 : Jie unm Defense language. With JANUS, it is available 
colors on standard „>“ E Res now on your CP/M system. 


JANUS has such features as: 
Separate Compilation 
Records with variants 
Subranges, Enumerations, and Arrays 
initializad Variables 
Integers and Arbitrary Precision Reals 
Produces ROMabie, Re-entrant BOBO machine coda 
and much тоге... 
JANUS is the face of the future. The structured language 
that you need for efficient programming. This is your chance 
A/D to get to the head of the crowd and learn the language that 
ы rne ыы. 16 mon will be the language of the 80's. 


e 32K bylr 
е 32, 64, 128 6 256K byte xystem capacity JANUS requires ап 8080/8085 or ZBO CPU, 58K of 
-— memory, and at least one 8” floppy disk. JANUS is supplied 
on a single density 8" floppy. For 3250, you get the JANUS 


compiler, linker, assembler, and owners manual. 


СР/М Із а подато of рода: Research 


pm = ADA +5 a Uadamark of the L.S, coepi ul Delense 


= ——| RS == 

N ЕЕ DIGITAL GRAPHIC SYSTEMS OFTWARE the art programming 
~ us 3 4 А 

935 Industrial Ave., Palo Alto, СА 94303 415/856-2500 — ud ELT сеге, M 


| THE UNBEATABLE COMBINATION : 


(сргіс = ATARIK 
S TEAIMIELECTRONICS 
1(800) 547-2492 


16k+ $1039 


QV 
vw 48к+ $1089 
Ky 400 


(16k) 


APPLE 


DISH DRIVE 3.3 CONTHOLLÉGH 
DISH (RIVE ONLY 

EILENTYPE FEINTER WANTEHPACE 
ПАН Е TABLET 

APPLESQFT OF INTEGER FIRMWARE 
LANGUAGE CARD FASAL | 
PARALLEL PHINTER CARO 

TERIAL PRINTER CARD 
CENTHONICE PRINTER HyTERF ACE CARD 
Ets 77104 

CoA 7770А 

Erk TA $415 T ADAPTOR 

i&k ЛАМ CARD MICROSOFT) 

ERO CAD rUCHOSOFTI 

HAYLE MiCROMODEM 

ATT ibuEvY PAD 

жыл SUE Н TERM 

Wah SUP қ МО MOGUL ATOR) 

(BK МЕНЯ У ЕКРАМЕКУУ 

ПОНИ ААА ЖУУ ETIEN 


ATARI 
аараан АМ RECORDER 
HIGH мк ППІМЕ 
BIO Fini TER 
№23 TH; NMAC PRINTER 
BFS NM) COLLIMAN кает EFE 
BI} МОЕ 
Ej (evrEDT ACE MOOULE 
i51 НА MEMORY EMPANNU 
қозы MEMORY ХАНОВ 
BASIT LATeQUATDE САР НИЙ 
шұсас АТАН 
WE nAvE ATAMI GAME БӘРІНЕ X 


HARDWARE 
O- BSW MONITOR [SAND 
ҰНЫ MONITOR (NM Е.С.) 
$2" Ar MONITOR [EAM Y OI 
Tt" GREEN MONITOR (ІБАМҰ OI 
14" COLOR MONITOR (7.3.5 
1.2.5. #4545 FAINTER 
1.9.6. АК FAINTER 
1102.5. 6606 PRINTER 
EPSON MWX-&U PAINTER 
EPSON CABLE AND INTERFACE 
CEATHOMICE 137.1 PRINTER 
CENTHONICS TT3 2 PRINTER 
N.E E SEINWRITER PRINTEH 
СОМЕ HINT FRINTER 
TEMAS ныт, 96/4 


APPLE SOFTWARE 


Маша 

МОВЕ к 

мени. ОТ 

VSI TEAT 

Visi TREND 

205 TROL KIT 

DOs УЗ UPDATE 

APPLE WRITER 

тн! Я TEXT I 

Dee] RAL BURNERS қамыға. ҒА 
ZET TECH PAYROLL 

STOCKPILE INVENTORY "naa 
АРНЕ ВЕСТ 

“ок 

MARION CHESS 

0241. NX LAN 

C Mac E OCT Dra LL 

comu TER QUARTERBACK 

MUN DTHER BUMNESS HERSONAG 
AMD GAME SOFTWARE Ауа)! ініге 


à; Г. v , 

Tat анайы EM 
TOLL FREE NUMBER FOR ORDER DESK ONLY, IN OREGON CALL 479.8723. 
REPAIRS, PARTS, AMD WARRANTIES CALL (BU3] 479-4150. SORRY NO C.O.D.'S. 
MASTERCHARGE AND VISA АСО 3X. WE WILL SHIP U.P.S. FREIGHT COLLECT “р 
OR ADD 3% FOR FREIGHT AND INSURANCE TO AVOID C,O.D. CHARGES. 530 N.E. E STREET 
ALLOW 10 DAYS FOR PERSOMAL CHECKS TO CLEAR. PRICES SUBJECT TO RE 
CHANGE WITHOUT NOTICE. PRICES GOOD АТ MAIL OROER DEPARTMENT GRANTS PASS, О 
OF STORE z162 ONLY. 
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a ce а мыны ттен 


Sentember-Decamber 

Four Seminars from Manage- 
ment Information Corpora- 
tion (MIC), various sites 
throughout the US. These 
seminars are designed for 
businesspeople who need an 
introduction to system selec- 
tion and use. For a complete 
schedule of seminars, fees, 
and locations, contact Carol 
Bell, c/o MIC, 140 Barclay 
Ctr, Cherry Hill NJ 08034, 
(609) 428-1020. 


September 4-10 

Ап Introduction іс Micro- 
computers for the Electronic 
Data-Processing Profesion- 
al, Las Vegas NV. This course 
is designed for electronic 
data-processing managers, 
systems analysts, and engi- 
neers, Some of the course 
topics are applications for 
microcomputers in a large 
company, programming іп 
BASIC, and future develop- 
ments of the microcomputer. 
A genera) knowledge of com- 
puters is recommended. For 
dates and other information, 
contact Byte Educational Ser- 
vices, 2412 Second Ave, Se- 
attle WA 98121, (206) 
625-1961. 


September 9-11 

Eurographics '81, Technical 
University, Darmstadt, West 
Germany. Almost seventy 
exhibitors are expected to at- 
tend this computer-graphics 
shaw. Detailed information 
can be obtained from Die- 
bold Deutschland GmbH, 
Attn: Dr H J Grobe, Feuer- 
bachstrasse 8, D-6000 Frank- 
furt/Main, West Germany. 


September 9.12 

Workshops on Pascal and 
Programming Techniques, 
University of California Ex- 


Event Queue 


tension, Santa Clara CA. An 
introduction to Pascal and 
modem programming tech- 
niques and style will be pro- 
vided in this sequence of four 
one-day workshops. The se- 
quence is structured so that 
each workshop is indepen- 
dent but leads to the next. 
Fees are $175 for individual 
courses and $600 for the four- 
part sequence. Contact Con- 
tinuing Education in Engi- 
neering, University of Cali- 
fornia Extension, 2223 Fulton 
St, Berkeley CA 94720, (415) 
642-4151. 


Septembar 10-11 

Office Automation Systems, 
Holiday Inn, Chicago City 
Centre, Chicago IL. This 
seminar will feature discus- 
sions on office automation. 
Among the topics to be 
covered are Ethernet, Xerox 
strategies, and worker accep- 
tance of office automation. 
For information, contact Ar- 
chitecture Technology Cor- 
poration, POB 24344, Min- 
neapolis MN 55424, (612) 
925-2930. 


September 10-13 

Ihe Second Annual Mid- 
West Computer Show, Mc- 
Cormick Place, Chicago IL. 
This show features office sys- 
tems, data- and word-pro- 
cessing equipment, telecom- 
munications equipment, 
microcomputers, computer 
graphics, peripherals, and 
other related supplies. For in- 
formation, contact the Na- 
tional Computer Shows, 824 
Boylston St, Chestnut Hill 
МА 02167, (617) 739-2000. 


September 14-17 

Software Info '81, Merchan- 
dise Mart Expocenter, Chic- 
ago IL. The conference theme 
45 "Productivity Through 
Packaged Software." Fran 
Tarkenton is the keynote 
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speaker, The president of In- 
put, Peter Cunningham, will 
deliver an address. For more 
information, contact Soft- 
ware Info, 1730 N Lynn St, 
Suite 400, Arlington УА 
22209, (703) 521-6209. 


September 14-17 

COMPCON Fall '81, Capital 
Hilon Hotel, Washington 
DC. The conference theme is 
“Productivity—An Urgent 
Priority.” This conference is 
intended to provide a focus 
on productivity throughout 
the computer industry. Gen- 
eral inquiries for program in- 
formation should be ad- 
dressed to COMPCON Fall 
81, POB 639, Silver Spring 
MD 20901, (301) 589-3386. 


September 15-16 

Workstations, The Conver- 
gence of Information Process- 
ing and Telecommunications, 
New York NY. The role of 
workstations for profession- 
al, managerial, and executive 
use is the focus of this two- 
day seminar. Speakers will 
discuss the Xerox Star work- 
station and other new de- 
signs. For more information, 
contact Probe Research Inc, 
POB 251, Millburn NJ 07041, 
(201) 376-7730 or (212) 
732-5417. 


September 15-17 

Wescon/81, Brooks Hall, 
Municipal Auditorium, and 
Hilton Hotel, San Francisco 
CA. Sessions on communica- 
tions, components and de- 
vices, computer and micro- 
processor hardware and soft- 
ware, office automation, and 
memory systems will be pre- 
sented. Exhibits of computer 
equipment and related prod- 
ucts will be featured. Contact 
Electronic Conventions Inc, 
Suite 410, 999 N Sepulveda 
Blyd, El Segundo CA 90245, 
(213) 772-2965. 


September 16-18 

Diagnostic Software: Plan- 
ning and Design, Colonial 
Hilton Inn, Wakefield MA. 
The Polytechnic Institute of 
New York is cosponsoring 
this serninar for design, test, 
and diagnostic engineers and 
managers. Design examples, 
lectures, informal sessions, 
and individual and group di- 
agnostic-programming ses- 
sions are part of the course. 
Tuition is $495. Contact Pro- 
fessor Donald D French, In- 
stitute for Advanced Profes- 
sional] Studies, One Gateway 
Ctr, Newton MA 02158, 
(617) 964-1412. 


September 16-18 

The Engineer As а Communi- 
cator, Crystal City Marriott, 
Arlington VA. This confer- 
ence is sponsored by the [EEE 
(institute of Electrical and 
Electronics Engineers) Profes- 
sional Communication Socie- 
ty. Some of the topics to be 
covered are communications 
technology, computers іп 
technical communications, 
and information gathering, 
storage, and retrieval. Con- 
tact Dr Daniel Rosich, School 
of Business Administration, 
University of Connecticut, 
Stamford СТ 06903, (203) 
322-1673. 


September 21-24 

Microtest '81, University of 
Kent, Canterbury, England. 
This symposium will cover 
the testing, maintenance, and 
reliability of microelectronic 
systems from development to 
Held use. Development sys- 
tems, emulators, reliable soft- 
ware and hardware, and 
high-level languages are some 
of the issues to be discussed. 
Contact the Symposium Sec- 
retary, Microtest '81, SERT, 
57-61 Newington Causeway, 
London, SE1 6BL, England. 
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9 Extendad Address 
® 8/16 bit Data 


$ 295 16KB 
5 465 32ҠВ 


Assembled and Tested. 


Features: Modal 32KUS "Uniseinct 3" 


S-100 Bus - confirms with 1ЕЕЕ-696(51 00) specifications. 
Data-8 or 16 bit wide. compatible with 8 bit or new 16 bit 
machines. 

Extonded Address - 24 bit addrassing. 

Bank Select - by parts and bits, compatible with Cromamco, Alph 
Micro, North Star, and many others. 


Fully Static and low power - currant is 0.64 typical with 32K byte. 
Two separate 16K addressing, 32K bank select with window | 
capability in any ZK increments, any place within the addressed. 
EPROM, 2716, can be mixed with НАМ in any placa. 

Has provision to take naw CMOS mem chips with battery back-up. 
МАП support ZHO-ZBOOO up to 4Mhz clock, 8086/8088 up to 
BMhz. 


Other S-100 Boards Available: 280 based CPU, 1/0 Memory Interface. 
16K Static Ram. 


Fully socketed, solder masks, gold contacts and guaranteed for ona full 
| year. Delivery: from stack ta 72 hours. Ordering: you may call for MC, 

Visa or COD orders. (Add $5.00 for C.O.D.) Personal checks OK but 

М.О. speeds shipping. Allow 7 to 15 dsys 1a clear personal chacks 

before shipping. Undamaged boards сап be retumsd within 10 days 

for full refunds. 

(Illinois residents add 5%% sales tax. 


OEM, Dealer pricing available 


| S.C. Digital Р.О. Box 906 | Phone: 


Aurora, IL 60507 (312) 897-7749 


Іп Texas Orders 
Questions & Answers 
1-713-392-0747 


MARYMAC INDUSTRIES, INC." 


21969 Katy Freeway 
Katy (Houston) Texas 77450 


Convert Your 
IBM Selectric. 
intoa _ 
printer for 
only $599 


or Mini 
Computer 


| | PRODUCTS. INC. 
12919 Alcosta Boulevard 
San Ramon, CA 94583 
Call Toll Free: 
800-227-2148 


To Order 
1-800-231-3680 
800-231-3681 


SAVE BIG DOLLARS ON ALL TRS-80 HARDWARE & SOFTWARE 


TRS-80 BY RADIO SHACK. Brand new in cartons delivered. Save state sales tax. Texas residents add only 
5% sates tax. Open Mon.-Sat. 9-6. We pay freight and insurance. Come by and see us. Call us for a refer- 
ence in or near your city. Ref: Farmers State Bank, Brookshire, Texas. 


WE OFFER ON 
REQUEST 


Federal Express (Overnight Delivery) 


WE ALWAYS 
OFFER 


Е] № extra charge for Master Card 
or Visa 

ЕЯ We use Direct Freight Lines. No 
long waits. 


E 


Houston Intercontinental 
Alrport Dellvery (Same Day) E 
іп stock TRS-BO Model 


U.P.S. BLUE (Every Day) it end ІН We always pay the freight and 
Raferencas from people who have No Tax on Out of Texas Shipments! ram 
hnught computers from us probably HJ Toll free order number 
in your city Save E] Our capability to go to the giant 
, TAS-80 Computer warehouse 5 
Telex 77-4132 (Fleks Hou} b- 4 0% 4 5% Misa ісе; th FE Werth; Teen 
* TRS BD is à Нелей F'rgdemark al Tandy Corp " 
OR MORE to keep you in stock. 
ED McMANUS JOE McMANUS 


We Specialize іп Overseas Shipments 


Telex 77-4132 {Fleks Нои) 


VISA 


~ 
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September 24-25 

Microprocessors: Hardware, 
Software, and Applications, 
Worcester Polytechnic Insti- 
tute, Worcester МА. Among 
the courses to be offered are 
hardware and software ba- 
sics, selection and evaluation 
of microprocessors, memory 
and input/output systerns, 
multiprocessor systems, real- 
time-system design, and de- 
bugging and circuit testing. 


ULTIMATE SOFTWARE PLAN 


Combine our price protection 
with the availability of full profes- 
sional support and our automatic 
update service and you һауе the 
Ultimate Software Plan. 

It's a convenient, uncomplicated, 
logical way to get your software. 


We'll match any advertised price 
on any item that we carry. And If 
you find a lower price on what you 
bought within 30 days of buying 
it, just show us the ad and we'll 
refund the difference, 
It's that simple. 
i (New items or new prices) 
ДЕ A CP/M users. вресНу disk systems and formats Most farmats avallatie 


5 Канна еқ. win For more information, con- 
CP/M 22 Навіс-80 | 3299/830 разсы/Мт+ $420/$30 tact Ginny Bazarian, c/a 
Basic Compiler . . / 5349/530 А ; 
ARTIFICIAL татті Pee B) 348/330 ие Pmaa/UCSD 40 4429550 Continuing Education, Wor- 
Macdicat|( PAS-3) 3649/340 Cobol-80 | $574/$30 ұғ Pascni/M 4180/420 а А 
Dental |РА5-3) 5849/3540 Mst .. 8124/5230 WORD PROCEEDING" cester Polytechnic Institute, 
ASYET DEBIGN ey a t $144/$20 WordSearch А 51793550 Worcester MA 01609, (617) 
Prof Time Billing 540/840 4-80 -- ....À 84/520 SnellGuad a $229/325 
v General Subroutine. '$268/40  MuSimp/MuMath ^ 82247525 VIS/BO 77" $559/365 753-1411, ext 517. 
v Application Utities. %439/440 Mutisp-BO 5174/520 Magic Wand , ,. 5290/3545 
сате BUB. "v MM ORGANIC SOFTWARE Spall Binder $349/545 
caor Е e” TextWriler M) 2. 5117/05 “OTHER GOODIES" September 24-27 
Reporter. $160/820 — Databook — $260/325 5549/5 
Boh.  . $388/545 v Milestone $269/530 Бане” е үн The Second Annual Mid-At- 
COMPUTER CONTROL OSBORNE Target $189/$30 
Fabs [B-tree). | $1590/$20 — General Ledger $ 50/320 — BSÍAM ... 8109/5 15 lantic Computer. Show, 
UltraSort (). $159/$25 — AcciRec/AcctPay .5 53/820 BSTMS $149/515 Washington Armory, Wash- 
COMPUTER PATHWAYS Payroll w/Cost. 58/$20 Tiny С” $ 69/550 Е ^ 
Paari ilaveli 1}. . $ 99/525 АНЗ Se . 2 8128/5860 Тлу C Compiler | | $229/550 ington ОС, For details, see 
Рөзгі (level 2 4299440 А! 3 + CBASIC-2 3199/9765 CHASIC 2 A September 10-13 
ет 5540/560 — PEACHTREE? Microstat 5224625 р 
DIGITAL RESEARCH Genaral Ladger $3809/140 Меди | 5105/515 
pio E. $140/s25 Acct Payable. $380/540 сүрү ‚5449/40 September 30-Cctober 2 
TRS-80 Моде TH 159/655 рамот 12309440 Micro B+ ‚ $229/520 Data and Telecommunica- 
Icropolis. . , Вані $224/$35 
Surveyor . o 5389/540 і 
PLUMBO 1180922 фимер ма Зо Зла с. 584220 tions Expo ‘81, Rhein-Main- 
„” ВТ-80 5178/50 СРА ChentWrile-up 2788/%40 9 : Halle, Wiesbaden, VW. - 
e, Wies n, West Ger 
Мас .& B5/$15 Mailing Address $345/$40 APPLE II - қ - ae 
Z5d. `’ 4 697915 SOFTWARE WORKS a pM | many, This exhibition and 
Tax i * $ 90/515 | ОША катыйт Баа NE s224 conference will cover data 
SLE. SOHO GROUP Ohar ' —— less 15% communications, distributed 
MatchMaker $ 97/520 ICR da : rr 
Arcom j $148/515  WorkShpet 51771920 ta processing, and te x 
DMA-DOS.... ..5170/825 &nllcard (2-80 Бейл, 3250 — 
uM Те mmm pee ter] e ag TI SEU Mes munications networks. Fu- 
nma Е /%4 or of Dr "By - . т 
GRAHAM-DORIAN inventory Солто) | 3509540 — MICROPRO ture telecommunications de- 
nans 1 % 3 
General Ledger et Lelterioht . 3179/525 M к? velopments, international 
vend Payable , „57297540 9501 $ 89/$20 Wordstac/MatMarge 5349 network management, and 
Job Costing. ‚.$729/840 — SUPERSOFT SuperSort | 3158 aphics will also be di 
COME E ET E sorrwang c" 4 
yl . agno Vi за , 59 " 
—EE Иа ЗЫЛ ЫЙ сам, РИ тебе Group ЖЮ WW 
nventary қ v Fort or $149/5 top/Pian | _ $159 
Cash Register $493/$40 — Fortran, 219/830 mea 3128 png “Канар, Же 
Apariment Мо! -. .$493/$40 Forlran w/Ratlor $288/135 Visidex $159 Adams St, Chicago IL 60606, 
Surveying 720/640 Other Р less 1 Visiplol E149 312 3 In E 
pon та TCS Visitrand/Visipiot 5229 (312) 263-4866, игоре, 
2574-е а А GLor AR or AF orFay 3 219925 Zork $ 34 contact Kiver Communica- 
PEACHTREE* . 
з. | Н +4 UNICORN Ganeralledger .. — $224/$40 tions S А, UK Branch ОЕ 
Ж »^ Minca Б148/%25 Acct Aeceivable ,8224/$40 fice Millbank Ho 
мило октавали eoe ойы аа DEM MM 
~ Bol 5249/55 ayro i 
PY- cz крати Amathyat =, 1298/375 Inventory : $224/540 ы de Rd, wy 
or or i 4 
МОВВ РКС... . 51295/580 m "c Штиепаоомын sto штеу, БАХ, England. 
MICROPRO v^ VU 93 (use w/Vrsicaic) s 179 
WordStar 22 2. s31g/sgo Pascal linci"C'™ - — 850445 ^" sober Textil 
ponente Noles. .5 Ae SAM — рав Faclory ВЕ: 
ail-Merge astar $1 
WordStar/ Ман-Мегое 5410/565 dBASE M $828/$50 DEM (complete October 1981 
DataSter. . $249/560 Condor 4599/$30 acctingl $399 
WordMaster 6979440 — Condor! , $899/$50 Charles Mam less 15% 
SuperSort I ‚$199/540  Access/BD 57497950 STC lesa 15% 


October-November 

Workshops from Virginia 
Polytech, Virginia Polytech- 
nic Institute and State Uni- 
versity, Blacksburg VA. 
Workshops on microcomput- 
er-design interfacing and pro- 
gramming, digital electronics 


ORDERS ONLY—CALL TOLL FREE VISA + MASTERCHARGE 
1-800-854-2003 ахі. 823 • Calif. 1-800-522-1500 ахі. 823 
Ovgrgags — acd 330 nius additional po * Add $2.50 postage and handling per bach item * California 
residanis add sales tax « AWow ка on choks, C.O.D. ok = Prices Bubject lo change withoul notes 
All items aubject to availability = Ф--Мідз Tradamark. 
THE DISCOUNT SOFTWARE GROUP 
6520 Selma Ave. Suite 309 - Los Angeles, Ca. 90028 « (213) 868-7877 


int'l TELEX 488-0032 BVHL Attn DiscSolt « USA TELEX 194-634 BVHL Alin: DiscBoll = 
TWX 810-321-3597 B'VHL Atin DiseSolt 
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THE BIGGEST NAME IN LITTLE COMPUTERS" 


ТН5-80 Model П — Your Best Buy 
In a Business Microcomputer 


TO 
1 590 
OFF! 


on 
TRS-80 computers, 
software and peripherals 


Similac volves оп all merchandise 
CALL COLLECT: 


915-283-2920 


Van Horn Office Supply 
701 W. Broadway -- P O- Box 1060 
Van Horn, Texas 79855 


DEALER (50565 
Form F48 Provided 
Standard Warranty on Merchandise 
THE NATIONWIDE SUPERMARKET OF SOUND? 


| 


ніні! | 
пи 
Ч 


тв бе 
* 


| 


| 
| 
| 


Өк с ла 
чт g +++ PO на 
а a м. м = 

i + 


ГИ Бекет | 
ШЕ і 
LIT Tee ITI 


ЕЛЕС X 
VISA" 
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BUY COMPUTERS 


\ | 
| 
о; 
| | ! 
i 
^ BY MAIL ORDER : 
о! ' 
|. AND SAVE 16% | 
О I о р 
| t 
i t 
О, APPLE HARDWARE TERMINALS o 
‚ 4BK (SPECIAL) $1,125.00 — Zanith 2:19 $ 789.00 | 
От Disk with Controer $ 540.00 — Soroc 10120 $ 729.00 1О 
| Disk $ 440.00  Teievidec 950 $ 999.00 | 
О! Pascal $ 445.00  Talevideo 9200 $ 75900 (б 
' Graphics Tablet $ 655.00 Televideo 912C $ 729.00 ! 
© | Versawriter Digitizer System А005 Viewpoint $ 58900 16 
$ 215.00 
о! SOFTWARE — — iO 
о! ATARI 800 16k % 775.00 Pte t і oo: 7 в 
Quad Density 64K | $2,877.00 
о } C 
l PRINTERS NORTHSTAR 
© 1 TI Basic Serial $1,495.00 — Horizon-2:64 00 $3,350.00 io 
! Epson МХ-80 CALL ' 

‚ 05560 $1,395.00 9% $ 4750, 
О, О 
* CROMEMCD COMPUTERS CALL MONITORS i 
©, INTERSYSTEM COMPUTERS CALL Leeder 12" BAW $ 138.00 ‚О 
\ 12" GP $ 15200 | 
o! Oo 
| i 
Send cartilied check ragulo checks require 2 weeks lo clear) or қ 
о 1 charge 10 VISA of Master Charge Cuslomer pays shipping Te 
| 
і 


‘MIRO COMPUTERS, INC. 


127 Long Meadow Place South Setauket, L.I., N.Y. 11720, 10 
(54 8) 423-7955 CALL МОМ. SAT, 10AM-OPM 


THE SYSTEM INTEGRATERSz 


• Are you tired of installing systems that cannot expand to meet your needs? 
е Are you tired of the problems of interfacing multi-vendor systems? 
« Are you tired of receiving new systems that don't work and waiting 


days ot weeks for replacements? 


е Are you tired of making a computer investment and not receiving the 
Drofessional help and support you deserve? 


If you have answered yes to any one of the above 


questions, you need a change! 


We have combined the most flexible 
microcomputer on the market (Ithaca 


miesie) with reliable, large capacity floppy 


In and hard disk storage systems from Ошпе, 
|| Memorex, Shugart and Priam, along with the 
| most dependable CRTs and printers available 
| today Using the industry standard CP/M* 
Operating System, our turnkey systems are 
delivered to you fully assembled, tested and 
burned in. 


PROVEN RELIABILITY — Our turnkey systems have | 
been performung дайу for ovar a year іп high | 
volume point-of-sale operations throughout tha | 
country 

SOFTWARE AVAILABILITY -- А wide variety of 
application software packages are ready for 
CP/M systems. Our library contains many of 
these systems, and и 15 expanding daily. 

CUSTOM DESIGN — PO.S Terminals, hardware and 
software interfaces between Ithaca [ntersystems 
and other spacialized L/O devices. 

COMPETITIVE PRICES — Floppy-based systems start 
at $7,950, 10MB hard-disk systams with floppy 
back-up start at $10,550 These are true turnkey 
system prices that include CRT, printer, and 
double-sided/density flappies, tested and burned in. 


TALK TO THE PEOPLE WHO SELL CUSTOMER SATISFACTION 
Specialized Business Systems 


S 5306 S. Bannock, Littleton, CO 80120 


(303) 797-8709 
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""'fradamark ol Ithaca Intersystems, inc. 


*CP'M is в Registered Trademark of Digital 
Research 


BYTE September 1981 375 


IF YOU WANT LOWER PRICES 
AND QUICKER SERVICE 
. . YOU WANT MICROMALL. 


for automation and instru- 
mentation, and sessions using 


TELEVIDEO 910 


$599.00 


912..................9699.00 
920..................9749.00 
950..................5995.00 


Model MI = shown 


DIABLO 


$1959.00 


1640 РО............52269.00 
1640 KSR...........$2499.00 
1650 RO............$2599.00 


1650 KSR...........$2599.00 


ANADEX DP 8000 
$775.00 


ANADEX 


DP 9500 $1299.00 
рР9501................91299.00 
рР9000................51199.00 
DP 9001.......... —R' $1199.00 


SOROC 


I$ 120...................$689.00 
IQ 140..................51099.00 
5849.00 


СІТ 101.................51625.00 


Model 630 shown 


DEC LA34 DA 
$969.00 


| Shown with optional forms tractor and keypad. 


TEXAS INSTRUMENTS 


$1549.00 
810/2 РКС v vec, CPh ....$1679.00 


TELETYPE 


УТ 100..................51650.00 
DEC LA ЗААА.,.........$1050.00 


$2395.00 
s5*hBódàanprpuenauanzuaau $2395.00 


To Ordan Send check іс MICROMAIL. РО. Box 3297, Santa Ana, СА 92703. Personal o: company checks 


Hec Las Iwo weeks to clear Visa/MasterCard accepled C OD. requires a 18% demil 


Add 3% 1o 


rs bess than 5750, 2% to omen $75]. 52000 1% о ordans over $2000 NOTE Han 
Shipping: У/ 


моме on order prepaid in advance by check 
Freight Air and Express delivary is avauabte 


RU PL а 
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ding charges сте 
e ship FREKIGHT COLLECT vic UPS oF Motor 
Prices subjecit io change without notice 


Р.О. Box 3297 

Sania Ana, CA 92703 
Phone: 714/73)-4338 
TW: 910 595 1146 
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the TRS-80 are part of the 
curriculum, All workshops 
are hands-on with partici- 
pants designing and testing 
concepts on the actual hard- 
ware. Contact Dr Lindy 
Leffel, Virginia Polytechnic 
Institute and State Universi- 
ty, Blacksburg VA 24061, 
(703) 961-5241. 


October 7-9 

Institute on Microcomputers 
for Instruction and Research 
in Higher Education, Jane 5 
McKimmon Center, North 
Carolina State University, 
Raleigh NC. The institute is 
designed to help high-level 
educators learn about the 
microcomputer and the role it 
can play in higher education. 
Contact Joyce Currie, c/o 
North Carolina Educational 
Computing Service, POB 
12035, Research Triangle 
Park NC 27709, (919) 
549-0671. 


October 7-21 

The 1981 Far East Computer 
Tour, Japan, South Korea, 
Taiwan, and Hong Kong. 
This tour group will visit 
various computer-related 
conferences and exhibitions 
throughout the Far East. 
Transportation for this three- 
week tour, plus shows, 
meals, and other items are in- 
cluded in trip packages, 
ranging in price from $2290 
to $3095. For more informa- 
tion, contact Terry Butler, 
Commerce Tours Interna- 
tional Inc, 870 Market St, 
Suite 742-744, San Francisco 
CA 94102, (415) 433-3072. 


October 9-11 

Rhode Island Computer and 
Video Electronics Show, Pro- 
vidence Civic Center, Provi- 
dence RI. This is the first ma- 
jor computer exhibition and 
show to be held in Rhode Is- 
land. Exhibitors and sales 
teams will present the latest 
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2-80 and 8086 FORTH 


2-80% FORTH—a completa program development system. Uses 
standard CP/M? compatible random access disk illas [or screen 
storage. Package inciudas: interpreter/complier with virtual mem- 
ory management, lina editor, screen editor, 2-80 Assembier, da- 
compiler, utilities, demonstration programs, and 60 page user 
manual, System requirements: 2-80 microcomputer, 48 kbytes 
RAM, CP/M 2.2 or MP/M* 1.1. $50.00 


BUTE 
TOLL-FREE 
SUBSCRIPTION LINE 


1-800-258-5485 
New Hampshire Residents Dial 924-9281 


| The Quickest Way To 


* Order a Subscription 

* Renew a Subscription 

* Change or Correct an Address 

* Give a Friend a Gift Subscription 

* Inquire about a Subscription 

We are waiting to help you. Call us between: 
8:30-4:00 Mon.-Thurs. 
8:30-12:30 Fridays 
(Eastern Time) 


Б UTE the small systems journal 


2-80 FORTH WITH NAUTILUS SYSTEMS CROSS-COMPILER. | 
Extend/modify tha FORTH runtime system, recompile on a host 
computer for a differant target computer, generate headeriess 
code, generate ROMable code with Initialized variables. Supports 
forward referencing to any word or tabai. Produces load map and 
list of unresolved symbols. 107 page manual, System require 
menia as (ог 2-80 FORTH abova. $200.00 


| 8088 FORTH with line editor, screan editor, assembler, and 
| utilities. Uses standard CP/M compallble random accass files for 
screen storage. Requires 8086 or 8088 microcomputer, 64 kbytes 
RAM, and CP/M-86 operating system. $100.00 


MACHINE TEST PROGRAM PACKAGE for Z-B0 systema, Includes 
memory, floppy disk, printer, and terminal tests with al) source 
code. Requires CP/M 2,2, $50.00 


Al) software distributed on eight-inch soft sectored single density 
diskettes. Prices Include shipping by first class or UPS within USA 
or Canada. СОП charges extra. Purchase orders accepted at our 
discretlan, (CP/M and MP/M are registered trademarks of Digital 
Research, Inc. 7-80 із a registered trademark of Zilog, Inc.) 


Laboratory Microsystems 
4147 Beethoven Street 


Los Angeles, CA 90066 
(213) 390-9292 


A REFURBISHED DAISY WHEEL TERMINAL 
FOR PERSONAL COMPUTER USERS AND SMALL BUSINESSES. 


Now youcan have letter-quality printing 
and professional features for just $1,495? 


AJ daisy wheel printer terminals are renowned for And you can choose from a list of options including 
exceptional performance, high reliability and applications forms tractor, pin-feed platen, paper trays, side shelves, 
versatility. Now you can have all this for only $1495* in our extra printwheels, APL keyboard and 2K buffer. 


special limited offer. Call your nearest AJ regional 

е 20 Cps letter-quality printing 4 \ y^ 55 bed пе Jose, СА i 

» Changeable type faces ( - ‚ Rosemont, | 

* Full АЗС] keyboard with ЕЕ —(— йа d (312) 671-7155; Hackensack, 
numeric pad NJ (201) 488-2525. Or check 

» High resolution XY plotting EE the phone book for the number 

• Complete electronic forms . of your local AJ sales/service 


control office. 


« 128-character buffer | i 

: “Price excludes opiiong and 6 subject to 
-Asynchronous RS-232 interface Ё | MM MED нені Tee ны 
* Printwheel, ribbon cartridge | ——————— Аш 


and cable included contiguous U.S 
* 30-дау parts /labor warranty 


ANDERSON 
JACOBSON 
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System Log 


DIAGNOSTICS 


я 1 
+ 4 


DIAGNOSTICS H 


Diagnostics Il is SuperSoft's expanded Diagnostic package. 
Diagnostic Il builds upon the highly acclaimed Diagnostics |. It witl test 
each of the five areas of your system: 

Memory Tarminal Printer CPU Disk 


Every test [s expanded, 


Every test is "submit'-able. A "submit" file is inctuded in the package which 
"chains" together the programs in Diagnostics И, achieving an affective 
acceptance test. All output can be directed to a log file for unattended operation, 
for example over night testing. Terminal test is now generalized for most crt 
terminals. A quick-test has been added for quick verification of the working 
of the system. 


The memory tesi is tha best one we have encountered. tt has new featuras, 
including: 

* default to the size of the CP/M Transient Program Area (TPA) 

* printout of a graphic memory map * burn in test 

е bank selection option * memory speed tes! 
Diagnostics-ll still includes the anly CPU test for 8080/8085/280. 


А Spinwriter/Diablo/Qume test has been added, which tests for the positioning 
and control features of the Spinwriter/Diabic/Qume as well as its ASCII 
printing features. (Serial Interface only) 


And, as with all SuperSoft products, a complete online HELP 
system and user manual is included. 


Price: $100.00 (manual only: $15.00 


Requires: 32K CP/M 
| CP/M Formats: В” soft sectored, 5" Northstar, 5" Micropolls 
Mod Il, Vector MZ, Superbrain OD/QD 


All Orders and General information: 

SUPERSOFT ASSOCIATES 

Р.О. BOX 1628 

CHAMPAIGN, IL 61820 

(217) 959-2112 

Technical Hol Line: (217) 359-2691 

(answered only when technician is available) 
CAM REGISTERED ТНАОЕМАНҚ DIGTAL RESEARCH 


Supersoft 


First in Software Technology 
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in computers and video prad- 
ucts for business, industry, 
government, education, and 
home use. Contact New Leaf 
Productions, Suite 335, 77 
Ives St, Providence RI 02906, 
(617) 679-0089. 


October 12-15 

Information Management Ex- 
position and Conference: 
INFO 81, Coliseum, New 
York NY. Discussions on pre- 
packaged, customized рге- 
packaged, and custom-de- 
signed software will comple- 
ment hardware and software 
exhibits. For more informa- 
tion, contact Clapp & Poliak 
Inc, 245 Park Ave, New York 
МҮ 10167, (212) 661-8410, 


October 13-15 

Understanding and Using 
Computer Graphics, New 
York NY. Headed by Carl 
Machover, this two-day sem- 
inar examines the state of the 
art in graphic systems. The 
focus will be on hardware, 
software, and applications. 
Contact Bob Sanzo, c/o Frost 
& Sullivan Inc, 106 Fulton St, 
New York NY 10038, (212) 
233-1080. 


October 15-18 

The Third Annual Northeast 
Computer Show and Office 
Equipment Exposition, 
Hynes Auditorium, Boston 
МА. This show will feature 
hardware, software, and sup- 
plies for business, education, 
government, home, and of- 
fice use. Office systems and 
equipment will also be 
shown. Contact National 
Computer Shows, 824 Boyl- 
ston St, Chestnut Hill MA 
02167, (617) 739-2000. 


October 16-23 

The Fourteenth Brazilian 
Computer Conference and 
Exhibit, Anhembi Conven- 
tion and Exhibit Halls, Sao 
Paulo, Brazil. This соп- 
ference will feature technical 
talks, conference tutorials, 
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SURPLUS BUYS of the YEAR!! 


The Most Sought Attar Мезі Pwadteane 


DIABLO 10 MEG DISK DRIVES 


v 5 Mb Fiasd, 5 Mb Removable 


EUIE Back Issues for sale 
TO: 


m" 


е Bulli-in Power SuppWes 
e POO Tracks / Inch 


= Takes 5440 Dick e 266 Byin 

a уу Sid. Arive fer Sacter 

• Dany Chain up iod sat * 24 Sectors / Track 

| *1/0 Osta included sri m" * 19.583 Serters / 
D Р 


neFuRaisHeo a NOW $ ~ includes 2 FREE 
OPERATIONAL (У 4 G 500 «ae» ОЕК CARTRIDGES 
| MODEL 44А DISK DRIVE 10 Mp. inviato samo ИО. Ussd whole, uniested 
Includes 1chamátick and dala.. ; 1120022. 
MODEL 42 5 MEO DISK DRIVE 100 ЕСІ гоо cond. used whole, untested 
Woh dala and schasmatics "798.08. 
MODEL 429 POWER SUPPLY 224708 " ü amps КҮ @ Е "ie ki for 
both ihe 44А and 43 cries (above, . pej sui oi А *7 58.,002s. 


MORE BARGAINS 
* ЗЕСЕСТЯИС-И Typewriter/Printer | RÜ'"SELECTRIC-H PRINTER 


Тир = чил — желілі... 
«ены p = eats ire 
ffir. 


ai i an, 


The following issues are avaliable: 


1976; July 
1977: April Ihru Decembar excepi Oclober 
1978 February Ihru Decernber вхсері November 


Wath slapper- REDUCED? | "Pacsirta no keyboard) Fen- 
1979, January thru December axcapt March dtiven platen 5 x tures жеті ет phus i —— 
| camer Egit- р nends А standard ІВМ Selecirc-ii 


1980: January, March thru August, and December 


1981: February to current issue except March кише. feet oe Ru 

Cover price lor each issue through August 1977 is $175 Comi topni latns, "a whole, 'as-a" 
4 caicd wo charmatics included 

Domestic. $2.75 Canada and Mexico: $3.75 Forelgn. processors. s.a. Only 2420 % а. 


September 1977 through Oclober 1979 issues are $2.50 
Domestic: $3.50 Canada and Mexico; $4.50 Foreign. 
November 1979 to current is $3.00 Domestic: $4.00 Canada 
and Mexico; $5.00 Foreign 


Sand requests with payment to: 


ғ 
2 
a 
a 
т 
Pm 
T 
m 
= | 
а 
- 
~ 
a 


selocing corti coda) 
ваї canisingd Mostly 
whole, “as-is” with schemabcs 

and dala Only "34854... 


BYTE Magazine | COMPUTERS, ON at 
70 Maln St, Paterborough NH 03458 ERIPHERALS, 61 7 7 372-863 7 


Alin: Back issues 


HAVERHILL, MASS 01810 
„лит ine lange arid Piet DU miis LJ NLIMITED! A 0: A — 


Pe die 8 xen fms урамда SM 
мәні B тейтін Ee here старт 


mA БШ Perea arpani tO ЫЙ qr "қ VISA бақтағы 


Does Your Printer Have а Опе Track Mind? 


Then You Need The Paner Tractor 


The Paper Tractor™ turns your tractor feed 
printer into a friction feed printing system. 


Inexpensively. legal size paper through the printing area. Any 
With The Paper Tractor you can abandon paper. Bond, parchment, onionskin, vellum, 
dull continuous form stock and move into new МСА, man uscript paper (sheet music). Even 
realms of high quality personalized writin your company or personal letterhead. 
paper. Without costly hardware modifications. 
This aire per product acts as a carrier, The Paper Tractor is a unique solution to the 
protecting and guiding any standard letter or restrictive nature of the tractor feed printer. 


ap Lib we CL, 


"Compatible with Matrix, Impact, Daisywheal and Ink - acuit ides eeeee0 60886060 л ee ae 

Ejection printheads. a fu E 

xFits front, back and dual tractor paper feeds. e Paper Tractor, Ltd. Information line: o 
*Designed with salf-aligning feed system. г Р.О. Box 4218 800-235-6867 Б 
*Positions letter or legal size paper automatically with ап ө Santa Barbara, СА 83103 In Calit (805) 966-5448 ә 
edge-protacting guide. E e 

*Designed for use with torward/reverse plotting printers. ® Model = 

Ld * Proven with all major manufacturer's printers, including ө e 
Epson, Tiger, ТІ, GP-80M, DEC-Writer, Commodore, е, е 

Centronics, Radio Shack V Vi VII, Beehive, Vista, Grafix- 9 “ame е 

Plus, Axiom, Coment, HI-Q, DIP, С-ІТОН, Cromemco, = Е 

% Okidata and many more. s Street 2 
Retails for only $19.50 > Сіғу -- State Zip o 

Ф Contact your local computer dealer. if he 4 * DISTRIBUTORS WELCOME + » 
doesn't carry the Paper Tractor, call or write UN Eas ed LU ГҮКҮ adl ные Eee Canes 
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ATTENTION GOVERNMENT D P 
USERS AND PURCHASERS 


We represent many fine micro products and manufacturers 
on the U.S. Government's GSA Schedule, including 


Apple, Cromemco, Micropolis 


and Seequa Computers 
Purchasing from the Schedule wil save you the time 
consumed by the bid process. Products shipped throughout 
the United States and world-wide. Visit or write any of our 
stores for more information or to receive our catalogue of 
products represented. 


| | ӘТТТІГІТІТІ 
(һе dependable store 


257 West Street, Annapolis, MD 21401 - (301) 268-6505 

13A Allegheny Avenue, Towson, MD 21204 — (301) 296-0520 
9330 Georgia Avenue, Silver Spring, MD 20910 — (301) 588-3748 

6671 Backlick Road, Springfield, VA 22150 — (703) 644-5500 
Plaza 38, 2442 Route 38, Cherry Hill, NJ 08002 — (609) 779-0023 

Callers outside metropolitan areas served by our stores 
Please call (301) 268-5801 

Career Opportunities Available * An Equal Opportunity Employer 


"Forget Memory Loss Problems” 
bi k 


WANLOK FEATURES: GET STANDBY POWER 
е 17-10% LIWE VOLTAGE LIMITS 
* МАХ. OWE CYCLE RESPONSE WITH 


TIME 

BROWNOUT/SUBGE PROTECTION 
BULLT ІМ BATTERY CHANGER 
> HOISE INTERFERENCE 
PROTECTION 


RAMLOK | 


UNIT PRICE $495.00 
Dealer inquiries Invited 


LADCO DEVELOPMENT СО., INC. 


LADQO -< =ош о 
716-372-0168 


п 
Е CI ar ТВ а РО АКА РР В СТАТ ТЕК 
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roundtable discussions, and 
special events, Computer- 
aided design and manufac- 
ture in developing countries 
will also be discussed. Con- 
tact Sucesu Sáo Paulo, Rua 
Tabapuá, 627-1.° andar, 
04533, Sad Paulo, SP, Brazil. 


Ortober 18-20 

The Annual Conference of 
the New York State Associa- 
tion for Educational Data 
Systems (NYSAEDS), Syra- 
cuse NY. NYAEDS is made 
up of people with an interest 
in computers and education. 
Workshops on the education- 
al uses of microcomputer 
software will be held, Con- 
tact Don Ross, Ardsley High 
School, Ardsley NY 10502. 


October 19-23 

Systems ‘81, Munich, West 
Germany. Computer systems 
and their applications will be 
featured. Additional infor- 
mation is available from Kall- 
man Associates, 30 Journal 
Sq, Jersey City NJ 07306, 
(201) 653-3304. 


October 20-22 

The Annual Government- 
Industry Data Exchange Pro- 
gram (GIDEP) Workshop, 
Rickey's Hyatt House, Palo 
Alto CA. The GIDEP annual 
workshop is open to anyone 
interested in the exchange of 
technical information relating 
to engineering, failure ex- 
perience, reliability, and 
maintainability. Contact the 
Officer-in-Charge, GIDEP 
Operations Center, Corona 
СА 91720. 


October 20-22 

Computerized Office Equip- 
ment Expo, Southwest, As- 
trohall, Houston TX. Ap- 
proximately 100 exhibitors 
will present office equipment 
and supplies, including word- 
processing systems, at this 
show, Contact Cahners Ex- 
position Group, 222 W 
Adams St, Chicago IL 60606, 
(312) 263-4866, 


Event Сімеше =e 


October 21-24 

COMPUTA 81, World Trade 
Center, Singapore. This in- 
ternational show attracts pro- 
lessionals and buyers from 
Hong Kong, India, and Sri 
Lanka. Additional informa- 
Ноп сап be obtained from 
Kallman Associates, 30 Jour- 
nal Sq, Jersey City NJ 07306, 
(201) 653-3304, 


October 24-25 

The Second Annual New 
Jersey Microcomputer Show 
and Fleamarket, Holiday Inn 
(north) Convention Center, 
Newark International Air- 
port, Newark NJ. This show 
will feature 75 commercial 
exhibitors and more than 100 
vendors. User-group meet- 
ings will be held. Registration 
is $5 for both days. Contact 
Kengore Corporation, 3001 
Rt 27, Franklin Park NJ 
08823, (201) 297-2526. 


October 25-30 

The Forty-Fourth Annual 
Meeting of the American As- 
sociation of Information So- 
cieties {ASIS), Washington 
Hilton Hotel, Washington 
DC. The theme for this meet- 
ing is "The Information Com- 
munity: An Alliance for Pro- 
gress." Among the topics to 
be addressed are information 
and creativity, information 
and society, and overcoming 
the barriers between informa- 
tion sciences. Contact ASIS, 
1010 Sixteenth St, NW, 
Washington DC 20036, (202) 
659-3644. 


October 27-29 

Computer Graphics 81, Re- 
gent Centre Hotel, London, 
England, Some of the topics 
to be covered are graphics 
systems: hardware and soft- 
ware: animation; image pro- 
cessing; simulation; and busi- 
ness and home graphics. Ап 
equipment exhibition will 
also be presented. For more 
information, contact Online 
Conferences Ltd, Argyle 
House, Northwood Hills, 


Middlesex, HA6 iTS, 
England. 


October 29-November 1 

Southeast Computer Show 
and Office Equipment Expo- 
sition, Atlanta Civic Center, 
Atlanta GA. For details, see 
October 15-18. 


October 31-November 1 
Computers in Ambulatory 
Medicine, Washington Shera- 
ton, Washington DC, The 
Society for Advanced Medi- 
cal Systems and the Society 
for Computer Medicine are 
sponsoring this conference. 
Basic and advanced tutorials 
on the fundamentals of medi- 
cal computing will be fea- 
tured along with technical 
sessions and presentations of 
papers. Fees are $115 for 5о- 
ciety members and $165 for 
nonmembers. Contact SCM, 
9650 Rockville Pike, 
Bethesda MD 20014, (301) 
530-7120. 


October 31-November 2 

Annual Meeting of the 
American Society for Cyber- 
netics, Washington Hilton 
Hotel, Washington DC. The 
theme for this meeting is “The 
New Cybernetics.” A goal of 
the meeting will be to rede- 
fine the field of cybernetics 
and to provide a focus for the 
research efforts of the Socie- 
ty. Among the topics to be 
discussed are robotics, pro- 
blem solving, pattern 
recognition, remote sensing, 
and communication net- 
works, Contact Dr Laurence 
D Richards, Department of 
Administrative Science, Col- 
by College, Watervile ME 
04901, (207) 873-1131, ext 
587. 


November 1981 


November 1-4 

DPMA бап Francisco '81, 
San Francisco Civic Center 
and Brooks Hall, San Fran- 
cisco СА. This is DPMA's 
(Data Processing Manage- 
ment Association's) thirtieth 


СРМ is в Fingialarsd Trademark of Digital Resaarch 
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annual conference and busi- 
ness exposition, Contact the 
conference coordinator, 


DPMA, 505 Busse Hwry, Park 
Ridge IL 60068, (312) 
825-8124. 
November 5 


Invitational Computer Con- 
ference, Amsterdam, Nether- 
lands. The Invitational Com- 
puter Conference is a one- 
day computer show designed 
for quantity buyers. Exhibits 
and seminars are featured. 
For details, contact B J 
Johnson & Associates Inc, 
2503 Eastbluff Dr, Suite 203, 
Newport Beach CA 92660, 
(714) 644-6037. 


November Е-10 

The Twelfth ACM North 
American Computer Chess 
Championship, Bonaventure 
Hotel, Las Angeles CA. A 
Four-round, Swiss-style tour- 
nament is planned for this 
year's championship compe- 
tition, In addition, a round- 
robin blitz tournament will 
be held. Games in this event 
proceed at a rate of 5 seconds 
per move. Belle, the current 
world champion, Chaos, 
Duchess, Nuchess, and L’Ex- 
centrique are among the pro- 
grams being entered. For 
more information, contact 


Professor Monroe Newborn, 
School of Computer Science, 
McGill University, 805 Sher- 
brooke 5t West, Montreal, 
Quebec H3A 2K6, Canada. 


November 9-10 

Software Fair, Stouffers' Riv- 
erfront Towers, St Louis 
МО, This show is made up of 
software exhibitions from 
companies whose packages 
are in current use by mem- 
bers of the Southern and Na- 
tional Industrial Distributors 
Association. Distributors 
who are not members of 
these organizations can also 
exhibit their wares. Contact 
Don White or Tony Carroll, 
1900 Arch St, Philadelphia 
PA 19103, (215) 564-3484. 


November 9-11 

ACM '81, Bonaventure Ho- 
tel, Los Angeles CA. This 
meeting will feature panel 
discussions on computers, 
software products in the 
19806, tutorials оп computer- 
aided design, and a survey on 
the impact of robots on em- 
ployment. Ray Bradbury and 
Dr Simon Ramo will speak. 
Computer exhibits and the 
North American Computer 
Chess Tournament will also 
be held. Contact ACM ‘81, 
POB 24059, Village Station, 


Los Angeles CA 90024, (213) 
535-9735. 


November 10-12 

Midcon/81 Show and Con- 
vention, O'Hare Exposition 
Center and Hyatt Regency 
O'Hare, Chicago IL. Talks on 
microcomputers, energy, 
memory, communications, 
and consumer electronics will 
highlight this show. Contact 
Electronic Conventions Inc, 
999 М Sepulveda Blvd, Е 
Segundo СА 90245, (800) 
421-6816; in California (213) 
772-2965, 


November 12 

Invitational Computer Con- 
ference, Paris, France. For de- 
tails, see November 5. 


November 16-19 

The Canadian Computer 
Show and Conference, Inter- 
national Centre of Com- 
merce, Mississauga, Ontario 
Canada. For details, contact 
Reg Leckie, Industrial Trade 
Shows of Canada, 36 But- 
terick Rd, Toronto, Ontario, 
M8W 328, Canada, (418) 
252-7791, 


November 17 

Invitational Computer 
Conference, Milan, Italy. For 
details, see November 5. 


Nonarnber 17-19 

Understanding and Using 
Computer Graphics, Atlanta 
GA. For details, see October 
13-15. 


November 19-20 

Western Educational Com- 
puter Conference, San Fran- 
cisco CA. Many of the com- 
puter-related talks at this 
conference will cover areas of 
interest to college instructors 
and administrators. For de- 
tails, contact Ron P Langley, 
Data Processing Services, 
California State University- 
Long Beach, 1250 Bellflower 
Blyd, Long Beach CA 90840. 


Navember 29-December 1 
National Telecommunica- 
tions Conference, New Or- 
leans LA, This event is spon- 
sored by the [EEE (Institute of 
Electrica] and Electronics En- 
gineers) and the New Orleans 
chapter of the Communica- 
tions Society Conference 
Board, Some of the papers to 
be presented will discuss 
communications electronics, 
including software, termi- 
nals, theory, and data and 
computer communications. 
Contact G Allan Ledbetter, 
South Central Bell, 365 Canal 
St, Rm 1360, New Orleans 
LA 70140, (504) 528-7350. 


WIREMASTER 


A COMPILER FOR HARDWARE 


a WIREMASTER 15 a sol(warg МИН (o ad in the design 

fayout and consiructión of жайнат hardware ii ip 

intended primardy (orc wire wrap, Ihour rt e also highly 

бере о (о checking. and trouble-shooting 
rds. 


Dysan 


CORPORATION 


Solve your disc problema, buy 100% surface 
farted ПАг ол dialgrimz& AU orbem shipped 
bom stock, utthin 24 hoan. Сай tol FREE 
(BOO) 235-4137 for prices and information. 


Hews and Predut! к 


Pragromming Tipt 
Dperatiag Timsawvnes 
Tales iun 
Custamisiag Taur Unit 
“ігі Cuts 
Ргекіікші Prapeums 
Technical Виш 
larida jante» motion 
Appliastian Parume 


* inpuls are вазну dered direcily trom the schematic 
diagram and led la WIREMASTER in a СРАМ“ ной fie. 
Outputs incide a network map thal graphically shows 
all pins and wues, a wire ШИ soned by гелет and 
laweis, 2 parts Іші. wrap coun and continuity check iets. 
pius Signal and gin cross-referencas 


e Tht сееш tatirmation |5 than used lor PC board 
layouls, erro checking, winng, component-stulfing | 
and sysem-detugging Ths ту а compile and 
саз/у updated documentation package Although it runs 
on small computers, WIREMASTER can andis ange рис | 


тиф = 
ce танға! > 
v E d 


П YES! Sign me up as a charter 
subscriber, Enclosad is my 
620,00 for 10 issues. {824 
to Canada. 530 elsewhere.) 

ГІ Not sure. Enclosed is 92 for 
& sample issue. 


a WIREMASTER Juns on any 280) СРАМ system of 47K | 
Of wer inching ТИБИ Morel 6 and Дора ма СОГ уб. 


Completa Package — $125; Manual only — $10 


100 Foothill Blvd. 
San Luts Obispo, CA 
93401 {In Cal call 
(805) 543-1037 | 


| атаға "Dai Menger (қ Гобу Cog. йене Сісу/5е 2ip 


Circis 11 on Inquiry card. Clrela 277 on inquiry card. 
( 


Circle 286 on inquiry card. 
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Software Received 


This is a list of software packages that have been received by 


BYTE Publications during the past month. The list is correct ro the | 


best of our knowledge, but it is not meant to be a full description 
of the product or the forms in which the product is available. in 
particular, some packages may be sold for several machines or in 
both cassette and floppy-disk format; the product listed here is 
the version received by BYTE Publications. 

This is an all-inclusive list that makes no comment on the quality 
or usefulness of the software listed. We regret that we cannot 
review every software package we receive. Instead, this list is 
meant to be a monthly acknowledgment of these packages and 
the companies that sent them. All software received is considered 
to be on loan to BYTE and is returned to the manufacturer after a 
set period of time. Companies sending software packages shouid 
be sure to include the list price of the packages and {where appro- 
priate) the alternate forms in which they are available. 


Apple 

Desktop Plan II, for devel- 
opment and analysis of busi- 
ness plans for the Apple II. 
Floppy disk, $199.95. Person- 
al Software, 1330 Bordeaux 
Dr, Sunnyvale CA 94086, 

NORAD, a graphics ar- 
cade game for the Appie II 
and III. Floppy disk, $27.50. 
Western MicroData Enter- 
prises Ltd, POB G 33, Postal 
Station G, Calgary, Alberta, 
T3A 2G1, Canada. 

Robotwar, a graphics game 
using programmable robots 
for the Apple II. Floppy disk, 
$39.95. Muse, 330 N Charles 
St, Baltimore MD 21201. 

Time Manager, a personal- 
information and organization 
system for the Apple Ц. Flop- 
py disk, $149.95. [mage Com- 
puter Products inc, 615 
Academy Dr, Northbrook IL 
60062. 

VisiCalc, the electronic 
spreadsheet for the Apple II. 
Floppy disk, $199.95. Person- 
al Software, (see above ad- 
dress). 

VisiDex, a data-base man- 
agement system for the Apple 
I]. Floppy disk, $199.95. Per- 
бола! Software, (see above 
address). 

VisiPlot, a graph-plotting 
system юг the Apple II. Flop- 
py disk, $179.95. Personal 
Software, (see above address). 

VisiTrend and VisiPlot, a 
utility program that analyzes 
trends of graphs from Visi- 
Ріо! for the Apple II. Floppy 


disk, $259.95. Personal Soft- 
ware, (see above address). 
TRS-80 

Armadillo Bug, utility pro- 
gram to manipulate machine- 
language routines for the 
TRS-80 Color Computer. 
Cassette, $12.95. Armadillo 
Software, POB 7661, Austin 
TX 78712. 

Attack Force, a graphics 
arcade game for the TRS-80. 
Floppy disk, $19.95, Big Five 
Software, POB 9078, Van 
Nuys CA 91409, 

Cosmic Fighter, a graphics 
arcade game for the TRS-80. 
Floppy disk, $19.95. Big Five 
Software, (see above address). 

Faster, a utility program 
for TRS-80 Model 1 and И 
that speeds up the execution 
time of BASIC programs. 
Cassette, $29.95. ProSoft, 
POB 839, Hollywood CA 
91603. 

Galaxy Invasion, a graphics 
arcade game for the ТЕ5-80, 
Floppy disk, 619,95. Big Five 
Software, (see above address). 

Meteor Mission Il, а 
graphics arcade game for the 
TRS-80. Floppy disk, $19.95. 
Big Five Software, (see above 
address). 

Super Nova, a graphics ar- 
cade game for the TRS-80. 
Floppy disk, $19.95, Big Five 
Software, (see above address), 

Tanjali, mind game сот- 
paring shapes and colors for 
the TRS-80 16 K Color Com- 
puter, Cassette, $29.95. 
Strawberry Software Inc, 


POB 743, Vashon Island WA 
98070. 
CP/M 

Analiza, a computerized 
psychiatrist for the Commo- 
dore CP/M computer sys- 
tem. Eight-inch floppy disk, 
$35. SuperSoft Associates, 
POB 1628, 40 Main St, Suite 
401, Champaign IL 61820. 

SELECT, a CP/M word- 
processing system. Eight-inch 
floppy disk, $595. Select In- 
formation Systems, 919 Sir 
Francis Drake Blvd, Kentfield 
СА 94904. 


Other Computers 
Intruders and  Airwar, 
graphics games for the In- 
teract computer. Cassette, 
$10. Ernie Piette, 110 Hill- 
crest Rd, Pineville LA 71360. 
Schedule, a utility program 
to help organize daily ac- 
tivities for the North Star 


computer. Floppy disk, 
$19.95. Azimuth Associates, 
POB 1636, Arlington VA 
22210, 

Shuttle Ascent Simulation, 
a graphics arcade game for 
the Atari 800, Cassette, 
$9.95. Starbound Software, 
POB 214, Cocoa Beach FL 
32931.8 


BYTE's Bugs | 


PR Problems 


The letter entitled "Plot: 
North by Northwest," by 
William MeWorter (May 
1981 BYTE, page 14), was 
found to have a bug in line 10 
of the program. The first "p" 
in line 10 should have been an 
^r," The line should read: 


10 A$= "rqvwrsvupqpwtstu" 


Many thanks to all who wrote 
in with the correction.l 


This is all it lakes lo say this or $43 other expressions with MICRO- 


MDUTH*. 
MOUTH” 


No sotiware drivers or subroutines to load 
(he latesi Circu Geller product сап be used as an 


MICRO- 


emergency annunicator, as an aid for the handicapped, for process 
control and 10 add dimensions to computer games. 
Sample phrases that can be programmed are: 


"THE TIME IS 4 HOURS 23 MINUTES . . 
“THE SPEED 15 100 METERS A SECOND 


(ВЕЕР) " 
SLOW DOWN" 


Thousands of expressions can be added by changing Ihe ROM chips, 
MICROMOUTH* is plug compatible with APPLE 1! and TRS- 804 
Directions included for 5100. HB and рағайн! port oparation, 

As taatured in BYTE, June. *981 


Complete Kit: APPLE II _.. 
Assembled and tested: 


TRS-BD Model | w/puwer 
supply and саһа...,.., ..5 


TRS-80 Мода! 111, .,. .. 


«ПИТА АЕА us a trademark o 
Қабан Semucanduciot Corp 


MICROMINT INC. 
917 Midway 
Waadmere, N.Y. 11598 


Dealer Inquiries Invited 


Circla 348 on Inquiry card. 


„a 8120.00 
TRS-80 Моде! | .$180 DD 


$350.00 | Call 1-800-645-3479, 


in N.Y. 1-516-374-6793 


170,00 
..8700.00 
"Mi ROMCIUTH 15 а нафалы» а! Noct іт 
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Gregg Williams, Senior Editor 


It may seem to many readers that BYTE's Arcade 
has concentrated on games for Apple and Atari com- 
puters. In a sense, this is natural; after all, both 
machines have excellent graphics, color, and sound 
capabilities—assets with which Radio Shack's TRS-80 
Models I and Ш are less endowed. Given the coarse 
graphics, lack of color, and limited sound capabilities 
of the Radio Shack computers, what do they have in 
their favor? 

The answer 15: the ingenuity of Bill Hogue and Jeff 
Копуц, 

Bill and Jeff comprise Big Five Software, а company 
that has developed an unequaled line of arcade-like 
software for the TRS-80. At the time of this writing, 
they had five games. Their first, Super Nova (an adap- 
tation inspired by the Atari game, Asteroids), was 
reviewed in the May 1981 BYTE's Arcade (page 108). 
The three games I will describe here are Attack Force 
(similar to the arcade game Targ), Cosmic Fighter 
(similar to Cosmic Patrol) and Galaxy Invasion 
(similar to Galaxian). At present, they also have a 
game called Meteor Mission II, which resembles the ar- 
cade game Lunar Rescue. 


Attack Force 

Attack Force is my favorite game. The player drives 
a single ship in one of four directions around a "city" 
seven blocks square. Eight Ramships roam the avenues 
of the city with the sole intent of ramming and 
destroying your ship. You can fire missiles at the at- 
tackers, and are allowed to lose three ships before the 
game ends, 

Several features make this a fascinating game. The 
Flagship (on the right edge of the screen in photo 1) can 
zap a Ramship and change it into a Flagship; or it can 
simply step into the boundaries of the city and start 
hunting your ship. А Flagship is especially dangerous 
because it can fire even when you're not in its line of 


sight. Once you clear the screen of all eight enemy 
ships, you get a stunning visual and aural display 
(that's right, this game has sound effects), bonus 
points, and a new set of enemy ships that are 
somewhat faster and net you more points when 
destrayed. Each score of 10,000 points gives you an 
extra ship (as in the other games described in this arti- 
cle), and, like all popular arcade games, the game gets 
harder and harder until you are inevitably overcome. 

One feature that makes Attack Force particularly in- 
teresting is a practical joke that occurs at one point in 


At a Glance 


Name 
Attack Force, Cosmic 
Fighter, Galaxy Invasion 


Format 
Cassette or 5-inch floppy 
disk 


Type 
Arcade-style games 


Language 
280 machine code 


Manufacturer 

Big Five Software 
POB 9078-185 

Van Nuys СА 91409 
(213) 782-6861 
(phone orders only) 


Computer 

Radio Shack TRS-80 Model 
[ or Ш with either 16 К 
bytes (cassette version), or 
32 K bytes and one disk 
drive (disk version) 


Price 

Mode! I/Model Ш cassette 
version, $15.95; Model 
l/Model Ш disk version, 
$19.95 


Documentation 
Color leafíet plus documen- 
tation іп program 


Author 
Bill Hogue 


| 


| 
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Photo 1: Attack Force in progress. 


the game, [ won't tell you what or when, so that you can 
be as surprised and delighted as I was. 


Cosmic Fighter 

Your ship appears at the bottom of the screen and you 
try to destroy a wave of alien ships that slowly drift from 
the top to the bottom of the screen in Cosmic Fighter. 
The alien missiles can move either straight or diagonally 
down the screen (see photo 2), and once you destroy the 
first wave (or let them go off the bottom of the screen), a 
new, more intelligent wave of aliens appears. Occasion- 
ally, a deadly Flagship that can fire from any angle ap- 


Photo 2: Cosmic Fighter in progress. 


pears—you have to destroy this one quickly. If you sur- 
vive four waves of aliens, you have the chance to fight off 
the Flagship near your space station and then dock to get 
extra fuel for the next round. This time, however, the 
wave of enemy ships requires two hits per ship to 
destroy. This continues until you either lose three ships 
or run out of fuel. 


Galaxy Invasion 

Galaxy Invasion is a surprisingly faithful rendition of 
the popular Galaxian arcade game (which is itself a varia- 
tion of the original Space Invaders). In Galaxy Invasion, 
уси have a ship at the bottom of the screen that shoots up 
at a formation of enemy ships (see photo 3). The enemy 
ships don't move toward you, but instead send out attack 
groups that "peel off" the main formation, gliding 
diagonally down the screen and strafing the area they 
cover with missiles. The ever-present Flagship is just as 
dangerous in this game as it is in the others. À partic- 
ularly nice feature is the different kinds of alien ships, all 
of which flap graphic “wings,” both in the main forma- 
tion and during strafing runs. In fact, it's difficult to im- 
agine how Bill Hogue (who programs all the games) ob- 
tains such smooth movement of so many objects on the 
screen, 

Galaxy Invasion lacks the color and the whining sound 
of attacking enemy ships, but is nonetheless amazingly 
close to the original arcade game that costs $.25 to play. 


Common Features 
All the games use the TRS-80's arrow keys for ship 
movement and the space bar for missile firing. Unlike 
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Photo 3; Galaxy Invasion in progress. 
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many microcomputer -based arcade games that exhibit a 
delay between a keypress and the reaction to it, these 
games always respond immediately to any keypress. All 
the games reviewed here also generate sound effects 
through the TRS-80 tape recorder and earphone (a stan- 
dard method to get sound effects in a TRS-80). Although 
the sound is rough and scratchy, it adds immensely to the 
arcade quality of the games, the most frequent sound 
effects occurring every time you fire a missile or an explo- 
sion occurs. 

Each of the games starts with a fancy billboard out- 
lined in flashing lights, which also contains the names of 
the ten top scorers. (My only criticism is that for a home 
environment, ten names seem too many; five would give 
you more incentive to excel.) If you make one of the top 
scores, you put your initials into the billboard display. 

From the beginning display you can either get a screen 
of instructions or start the game. All three games allow 
one ог two people to play at the same time. A game may 
be aborted at any time. 

Not only are these games fun to play—they are 
reasonably priced, At the time of this writing, two ver- 
sions of each game were available (all supplied on 
cassette). One tape runs on both a TRS-80 Model I and a 
Model III with 16 K bytes of memory and costs $15.95. 


А disk version of each game is available for $19.95 (one 
game per disk); the disk will run on any Model 1 or Model 
HI TRS-80 with 32 K bytes of memory and one disk 
drive. 

Big Five also sells a joystick adapter ($39.95) that 
allows you to connect the rugged Atari joysticks to your 
TRS-80. АЛ Big Five Software programs will respond to a 
joystick, and although I have not seen the adapter unit, I 
am confident it is of high quality. 


Conclusions 

аТо the best of my knowledge, Attack Force, Cosmic 
Fighter, and Galaxy Invasion are the best arcade-style 
games available for the TRS-80 Models I and Ш. In fact, 
they represent some of the best examples of microcom- 
puter game animation that I have ever seen, They are as 
challenging as their arcade counterparts and, as much as 
possible, overcome the limitations of the TRS-80 
graphics. 

€ Each game is based on an arcade-type game but adds its 
own distinctive touches. All games use both sound and 
extensive graphics. 

eThe games are reasonably priced (especially in com- 
parison to graphics games that range from $20 to $40 
each) and are, in my opinion, a "best buy.” E 


The Prisoner 


Bob Liddil, POB 66, Peterborough NH 03458 


You're on an island with your every need provided 
for—everything, that is, except your freedom. The 
island's caretaker is watching and experimenting, his 
ultimate goal is to take away the last scrap of individ- 
uality you possess. It's you against the island. You are 
The Prisoner. 

The Prisoner, by Edu-Ware Services Inc of Canoga 
Park, California, offers a unique, sometimes bizarre, 
recreation of an early 1970 s TV series that has attained 
cult status in recent years. To play the game, you assume 
the role of a disenchanted member of a covert intelligence 
agency. You're fed up with The Company—the whole 
system in general. After quitting the service, you're ab- 
ducted and spirited off to The Island, an isolated, self- 
contained community where electronic surveillance, 
brainwashing, plots and counterplots, illusions, delu- 
sions, and confusions are the order of the day. 
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This program is not in the Adventure format that has 
become so popular over the last year. It is, in fact, a 
graphics-oriented, disk-accessing collection of fixed and 
randomized events that leaves you pounding your desk in 
endless frustration trying to make heads or tails of it. 
This is not necessarily bad because that is the program's 
intent. 

The game is fundamentally a contest between twa 
equally difficult goals. The computer wishes to obtain 
your resignation code (and, net incidentally, doesn't care 
how insane it drives you). You, on the other hand, wish 
to escape from The Island and must use every possible 
means to do so. 

By studying the documentation carefully, you learn 
(well before booting the disk) that the program is going to 
lead you on an incredible journey. Before the game 
begins you are assigned a resignation code. The 


documentation explains that this code is a condensation 
of your reasons for leaving The Company. When you 
awaken, the game begins in room $6, which contains a 
time-consuming invisible maze that is never the same 
twice. If you escape the maze, the machine greets you by 
asking you to identify yourself, Considering the twenty- 
minute invisible maze and the possible frustration of hav- 
ing to restart the game due to misinterpreting the 
screen—the tricks start coming right at the begin- 
ning—the inattentive player is in for rough sailing. 

Once in the courtyard, the movement cades are dif- 
ferent from those in the maze. А dead keyboard raises the 
frustration level before you realize that this is precisely 
what the author, in the guise of The Caretaker, or Master 
of the Island, is trying to do. 

Subsequent scenarios are contained in twenty 
"buildings," each of which you may enter at any time. 
The trick is to survive and outwit the event once you're 
inside. For exarnple, there is the Hospital, where an en- 
counter with a "shrink" might be expected, and at the 
Town Hall you must play politics. There is a Bank, a 
Courthouse, a Church, and so on, All these locations are 
riddled with pitfalls and potential] disasters. They are all 
designed to get yau to throw in the towel and reveal your 
code. 

The program uses an awesome mixture of graphics, 
sound, and text. There are high-resolution pictures with 
beeps and whistles and low-resolution pictures that con- 
found you with simplicity. At times, portions of the pro- 
gram "jump loose" and seem to suffer a programming er- 
ror, However, the program is not in error—it does this by 
design. It's a nightmare. The program doesn't do what 
you think it should. 

The Prisoner is not for the easily frustrated, nor for 
those looking for a shoot-em-up arcade-type game. In- 
stead, The Prisoner is complex beyond belief, nearly 
unbeatable, and at times irrational on purpose; careening 
through a calculated mind-warp, its sole function is to 
entertain, 

If you follow the rules, trust your fellow man, or 
display anything less than a total commitment to anti- 
social, anti-island behavior, you will be hopelessly 
doomed to repeated failure, 

Author David Mullich, a computer science student at 
California State University, Northridge, 15 a meticulous 
researcher with an artist's eye for depth and detail. In 
speaking about The Prisoner, he said: "I was sick and 
tired of all the arcade games and (conventional) Adven- 
ture games. They seemed to be imitations of each other." 

Ав а youngster Mullich enjoyed The Prisoner on TV 
and found that, as a young man, the themes appealed to 
him. "I dreamed of doing a program on The Prisoner, 
and through Edu-Ware, І got the chance," he said. 


Language 
Applesoft BASIC 


Computer 

Apple II or Apple II Plus 
Applesoft and 48 K bytes of 
memory 


Epic nonclassical adventure 
game 


Manufacturer 
Edu-Ware Services [nc 
22222 Sherman Way 
Canoga Park СА 91303 
(213) 346-6783 


Documentation 
12-page booklet 


Audlence 

Puzzle solvers, adventure 
fans and students of the 
weird 


Price 
$29.95 


Author 
David Mullich 


Mullich's version of The Prisoner, though not untrue 
to the series, is a product of his vivid imagination. It will 
appeal to puzzle solvers and seekers of the bizarre. № 


GET YOUR SHARE OF THE MICRO MARKET! 
IF A NUDGE IS ALL YOU NEED, READ ON... 


HARDWARE — Boards, systems and support а! the right 
price, jeaturing CCS, Televideo and others, 


SOFTWARE — Many Industry-slandard packages and 
some unique surprises, such a5: 


AUTOGEN — intaractively recontigure your CP/M* BIOS. 
- Bring пом peripherals on-line quickly. 


DER — Analyze your English prose. Massure how 
Vue or bard i1 Is to read. 


азат simulation on а mióro. = 


| 
1 


Circle 230 on inquiry card. September 198] © BYTE Publications Inc. 387 


Software Review 


Three Microcomputer LISPs 


Computer and Information Science Department 


"(TELL ME MORE ABOUT YOUR 
FAMILY)" With these immortal 
words, Joseph Weizenbaum's ELIZA 
program confronted the world with 
the power of artificia] intelligence 
(А!) techniques. A good deal of that 
power comes from the expressiveness 
of the programming language LISP, 
Some sophisticated and powerful 
LISP software packages are now 
available for microcomputers. In this 
article, we review three LISPs, one of 
which is distributed with a modern 
version of ELIZA. The LISP packages 
are muLISP/muSTAR from The Soft 
Warehouse, Cromemco LISP from 
Cromemco Inc, and (T.(L.C)) from 
The LISP Company. 

We have compared two basic 
issues: speed and functionality. In the 
LISPs reviewed, you wil! see that 
these two aspects are continually 
traded off: the slower LISP has more 
capabilities. The trade-off is more 
complex than in most languages, 
though. Due to the extreme flexibility 
of LISP, any feature of one LISP 
package can usually be emulated in 
another LISP package at the cost of 
increased run time. 

LISP purchasers should realize that 
LISP is anything but a standardized 
language. Most LISPs are fairly 
idiosyncratic, representing many 
years of development, modification, 
and tailoring by their designers and 
users, The microcomputer-based 
LISPs are no exception. This can 
cause problems for new LISP users. А 
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Steven P Levitan and Jeffrey G Bonar 


Graduate Research Center 
University of Massachusetts 
Amherst MA 01003 


LISP you purchase may look quite 
unlike some of the dialects discussed 
in textbooks. Furthermore, many 
features of LISP are rarely discussed 
in texts, but they are quite useful for 
LISP programming. 


Overview 

muLISP successfully provides a 
useful artificial-intelligence develop- 
ment system to the microprocessor 
user community. It is billed as more 
than a LISP interpreter for the Z80, 
and it is a good bit more, It provides a 
reasonable set of LISP functions and 
special forms. It also supports the 
user with muSTAR, a development 
subsystem that makes entering and 
debugging code as painless as 
possible. 

On the positive side, muLISP runs 
remarkably fast and allows for the 
creation and execution of fairly large 
LISP programs. On the negative side, 
some of the design decisions about 
error handling and type checking 
make debugging in muLISP harder 
than need be. In particular, muLISP 
provides almost no facilities to detect 
obvious nonsensical programs, and it 
does not allow a user to examine the 
data stack after an error or user inter- 
rupt. We like the ideas that motivated 
the muSTAR development sub- 
system, but are disappointed by some 
of the holes in the design. In раг- 
ticular, it is not easy to alternate be- 
tween the high-efficiency environ- 
ment and the development environ- 


t a Glance 


Name 
muLISP/muSTAR-80 version 10/05/80 


Type 
Version of LISP programming language 


Manufacturer 

The Soft Warehouse 
POB 11174 
Honolulu НІ 96826 


Price 

$200, from Lifeboat Associates 
1651 Third Ave 

New York МУ 10028 

(212) 860-0300; 

$200, тот\ Microsoft 

10800 NE Eighth, Suite 819 
Bellevue WA 98004 

(205) 455-8080 


Format 
5-inch or &-inch floppy disk 


Language used 
8080 or ZBO machine language 


Computer needed 

8080-. BOBS-, or ZBO-based computer with 
at least 20 K bytes of memory, running 
under a CP/M-compatible operating 
system 


Documentation 
100 pages, 8% by 11 inches (22 by 28 
cm), in a 3-ring binder 


Audience 
Students, educators, comptuter-language 
enthusiasts 


ment. Also, the screen editor is not 
adaptable to all terminals, The exam- 
ple programs delivered with the 
system are interesting and give just a 
hint of the power of a micro- 
computer-based LISP system. 

John Allen, who served as guest 
editor For the August 1979 BYTE LISP 
issue and wrote Anatomy of LISP, is 
the primary author of both the 
Cromemco and (T.(L.C)) LISP 
systems. Therefore these two LISPs 
are similar in most respects and will 
usually be discussed together. We 
believe that they are, in fact, different 
revisions of the same program. These 
LISPs are also a successful attempt to 
bring LISP into the world of 
microprocessors, 

In many respects, Cromemco LISP 
and (T.(L.C)) LISP are more modern 
Шап muLISP. They lack ап in- 
tegrated development environment, 
but include many more intrinsic func- 
tions and data types, helpful type 
checking, and error detection. The 
extra functionality is provided at the 
expense of speed, but we feel that 
these LISPs still run acceptably fast. 
Qur most important criticism is of the 
small, fixed-size stack. These LISPs 
do not allow one to write the power- 
ful recursive functions that make 
LISP such a clean and elegant 
language. This is not necessarily a 
practical limitation since iteration is 
cleanly supported, but it is rather in- 
elegant and unaesthetic. 


Data Types in LISP 

Most modern programming 
languages support a variety of data 
types. So do modern LISPs. In addi- 
tion to the basic atoms, integers, lists, 
and property-list data types, different 
LISPs support "infinite-precision" in- 
tegers, floating-point numbers, 
character strings, arrays, and Pascal- 
like records. For now, we ignore the 
fact that functions and special forms 
are also data types in LISP. We 
discuss them separately below. 
(Special forms are things that look 
like LISP Functions, but have special 
conventions for their evaluation. 
COND is an example of an intrinsic 
special form.) 

The inherent flexibility of the basic 


LISP data types allows almost any 
other data type to be emulated, but at 
a considerable price in execution 
speed and/or memory space. For ex- 
ample, we could emulate a character 
string as a list of single-letter atoms, 
but operations performed at the end 
of the "string" would be quite expen- 


At a Glance 


Name 
Cromemco LISP, version 1.06 


Type 
Version of LISP programming language 


Manufacturer 
Cromemco [nc 

280 Bernardo Ave 
Mountain View С.А 94043 
(415) 964-7400 


Price 
$295 


Format 
§-inch or B-inch Floppy disk 


IEEE 696/S-100 
All programming characteristics 
are software controlled; 
runs under CP/m* 
"CP/m trademark Digital Research, Inc. 


IEEE 696/5-100 
е 20 parallel I/O lines 


е Baud rates: 110 to 9600 


ACKERMAN DIGITAL SYSTEMS, INC. 
110 М. York Rd., Suite 208, Elmhurst, IL 60126 


Сігсіз 6 on Inquiry card. 


sive. Furthermore, assuming a two- 
byte address, more than 4n bytes 
would be needed to store an 
n-character-length string. One would 
like a LISP implementation to directly 
support a variety of data types using 
machine-level data structures and 
Operations. 


Language used 
280 machine language 


Computer needed 

ZBO-based computer with at least 48 K 
bytes of memory, running under 
Cromemco's CDOS or Cromix operating 
systems 


Documentation 

135 pages, 8*3 Бу 11 inches (22 by 28 
ст), in 3-ring binder; includes various 
CDOS manuals and a copy of Artificial 
Intelligence Programming 


Audience 
Students, educators, computer-language 
enthusiasts 


PROM ЗЕАЗЕЗ 


е Programs 1K/2K/4K/8K 
eproms 


Programs EEproms 
Functions as ап !/ О device 


Programs single or three 
supply parts 


Phantom slave option 


е Extended device option 
& much more 


6809 3.3.. 


(Single-Board Computer) 
• 2K ram 

е RS 232 interface 

е 4K/8K/ 15K Rom 


® Simulated 8080 1/0 ports: 


memory mapped 
& much more 


(312) 530-8992 
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xd SAVE! 


COMPUTERS 


Intertec Superbrain SPECIALS 
64K Ram, Lisi $3496 $2595 
64K Quad, Lisi $3905 $2995 

NorthStar 
Horizon і 32K DD Lisi $2695 
Horizon i 20 Lesi $2995 
Horizon 2 32DD List $3095 
intersystemDPS-1 List $1749 


CALL 
CALL 
CALL 
CALL 


$7945 
$3749 
66395 


Сготетсо 2-2H, Lisi $9095 . 
Sysium 2, бік List 54695 
Sysiem 3, 64K . List 57995 


Disk Systems 

Thinker Toys Discus ZD 
Dual Discus 2D . 
Diseus 2 + 2. List 81549 - 
M26 Hard Disk, Lisi $4995 
Discus М-10, List $3695..... " 

Printers & Terminals 
Paper Tiger IDS-445 . , $649 
with raphe optan 
Centronics 730-1, List $795 
739-1, List $295 


ТІ B10, List $1895 
МЕС SPINWRITER 5530 . __. 
МЕС SPINWRITER 5515, 5510. 52395 
Diablo 630 { ви 52701 $2399 
Intertube II Los! 595 $729 
Zenith 2-19 . іы” 5719 
Telavideo 912C . $679 
920С......,..., 8799 
950  .. .. . . 5999 
Hazelone 1420 . ... . . $789 
1500 ” 5845 
Soroc 1201 5) 5995, . ‚ ,.. 9689 
i0135.. . 22-0. $719 
140. b _ 8994 


Computers 


Wholesale 


Р.О. Box 144 Camillus, NY 13031 


em 


emm (315) 472-2582 


кі denn к siot for ummeckate Нату l'ackory задед саген, 


elu bacior тылық NYS шы add В wit soles tas 
Prices de eot clude sipping VISA and Master Пшр ки 1% 
СОР orders гейш 25% diprot Prices subject ір chege witho 
ткт 
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by Maik 


Support of many data types does 
not imply strict type checking, as in 
Pascal. LISP style dictates that 
"reasonable" data-type conversions 
will happen automatically. For exam- 
ple, if an operation performed on two 
integer values yields a value not 
representable as an integer, one 
would expect LISP to return a 
floating-point or infinite-precision in- 
teger as the value, 

Cromemco and (T.(L.C)) LISP sup- 
port a richer set of data types than 
does muLISP, They support atoms, 
14-bit integers, floating-point 
numbers, single characters, strings up 
to 256 characters long, lists, and pro- 
perty lists. Atoms in these LISPs can 
take only one value. This contrasts 
with many LISPs, including muLISP, 
which allow an atom to have two 
values, one interpreted as a function. 
Each atom does have an associated 
property list. 

Cromemco and (T.(L.C) LISP 


At a Glance 


Name 


{T.(L.C)) LISP version 1.07 


Type 
Version of LISP programming 
language 


Manufacturer 

The LISP Company 
18215 Bayview Dr 
Los Gatos CA 95030 
(408) 353-2227 


Ртісе 
6150 


Format 
S-inch pr &-inch floppy disk 


Language used 
280 machine language 


Computer needed 
ZBO-based computer with at least 48 К 


bytes of memory, ninning under a CP/M- | 


compatible operating system 


Documentation 
135 pages, 8% Бу 11 inches (22 by 28 cm) 


Audience 
Students, educators, computer-language 
enthusiasts 


check data types fairly strictly. For 
example, single characters, denoted 
with a back slash ("X"), are not 
directly comparable to strings of 
length one, nor are they directly com- 
parable to single-character atoms. 
Similarly, the string "123" is not 
directly comparable to the integer 
123. Of course, functions are provid- 
ed to convert between types. 
Cromemco and (T.(L.C) LISP do 
provide facilities for building and 
supporting user-defined data types. 

Cromemco and {T,(L.C}) LISP do 
have functions that behave different- 
ly depending on the type of argument 
passed in. For example, the ASCII 
function yields an integer when 
passed a character and a character 
when passed an integer: 


(ASCIIX C) returns 67 
(ASCII 67) returns V C 


The details of how these data struc- 
tures are implemented are hidden 
from the users of (T.(L.C)) LISP. The 
"clever tricks" which this prevents are 
no loss to most programmers. The 
Cromemco LISP manual does discuss 
details of these data structures for use 
in writing external assembly-language 
functions. 

muLISP supports atoms {called 
names in the manual), infinite- 
precision integers (actually, they 
must be in the range +2567"), lists, 
and property lists. Each name can 
take two values—a value that is 
returned when the name appears as a 
function са], and a value that is 
returned in all other situations. Each 
name also has an associated property 
list. Strings are partially supported by 
allowing manipulation of the print 
names of atoms. 

muLISP does almost no type check- 
ing. The manual discusses the im- 
plementation of the different data 
types very early, and some 
knowledge of this implementation is 
important in using the system. Many 
operations are defined for all data 
types, irrespective of whether this 
makes any sense. CAR and CDR, for 
example, will work perfectly well on 
numbers. This may be useful in some 
situations, but it often causes confus- 


ing results and subtle bugs. We feel 
the marginal extra functionality and 
generality provided in this way are 
only an invitation to poor code, 
obscure hacking, and subtle bugs. If it 
is necessary to explicitly manipulate 
an internal representation, there 
should be an explicit function to do 
this. Of course, muLISP saves both 
time and space by not checking data 


types. 


User-Defined Special Forms 

In a LISP system, one wishes to 
write things which look like func- 
tions, but behave differently. For ex- 
ample, we would like to write things 


Listing 1: Definition of AND-1 in muLISP. 


(LAMBDA (PRED-LIST) 
( CDND 


like the standard LISP AND: 


(AND predicate-1 predicate-2.. . 
predicate-n ) 


AND evaluates each predicate-i in 
order, stopping if any predicate 
returns the value NIL (the standard 
LISP representation of the Boolean 
value false). There are two indepen- 
dent problems with writing AND as a 
standard LISP function. First, how do 
we pass an indefinite number of 
arguments, and second, how do we 
pass the parameters unevaluated? 
Special forms allow us to tell the 
system to treat the parameters in a 


{МЛ PRED-LIST? 1) 
% we have reached the end of the predicates 
% and all heve cvaluated nan-NIL - 
Z return T. 


С (EVAL 


(CAR PRED-L 15312) 
{AND-1 (CDR 
% eval the next predicate, 


PRED-LISTȚ) >) 


^ recur on the rest 


(T NIL) 


% otherwise, 
4 exit with 


9) 


Ми 


special way, Below, we follow LISP 
convention and use the word form as 
a general term for both functions and 
special forms. 

muLISP solves the problem of an 
indefinite-length parameter list with 
no-spread forms, in which there is 
only one formal parameter. (А for- 
mal parameter is a dummy variable in 
the form definition.) When a по- 
spread form is called, a list of ali 
arguments is bound to that single for- 
mal parameter. The form uses this list 
of arguments in any way desired. 

In muLISP, call-by-name forms are 
specified with NLAMBDA (for No 
evaluation of LAMBDA) instead of 


if non-NIL 


the last predicate was false, 


Listing 2: A LISP function to print out the integers from 1 to М, The version in listing 2a is the function written т muLISP. The ver- 
sion in listing 2b is the function written in either Cromemco LISP or (T.(L. С)) LISP. 


(2a) 


(LAMBDA (М) 
(SETG COUNT 1) 


(LOOP 
(PRINT COUNT) 
( (ка COUNT М) N) У exit test 
(SETA COUNT (PLUS CNMI 19))) 
(2b) 
(LAMBDA (М) 
(DO 


( (COUNT 1 (PLUS COUN 
i Only one local variable, 
; initialized to 1, 


15? ) 


i each iteration 
с (Ей COUNT ND М) 


i Only one схі% test, 


COUNT. 
and incremented on 


It is 


It specifies an 


; exit with value М when count equals 101 
(PRINT COUNT) 
i The body contains only the PRINT 


)) 
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LAMBDA. Normal (LAMBDA) Func- 
tions are call-by-value and evaluate 
each actual parameter, binding for- 
mal parameters to the values of the 
actual parameters. (Actual param- 
eters are the expressions appearing as 
arguments to a function call.) In a 
call-by-name function, the formal 
parameters are bound directly to the 
actual parameters. [f evaluation is 
desired for any of these parameters, it 
is explicitly specified with EVAL. 

We can write a muLISP version of 
AND defined as: 


(NLAMBDA PRED-LIST 
(AND-1 PRED-LIST)) 


Because AND is а call-by-name по- 


spread form, all its actual parameters 
are gathered, unevaluated, into a list 
that ів bound to PRED-LIST. AND-1 
is called with PRED-LIST as its single 
parameter, AND-1 is a call-by-value 
spread function. AND-1 is then 
defined as shown in listing 1. 

In summary, muLISP supports two 
types of forms—call-by-value and 
call-by-name—and two parameter- 
binding styles—spread and no- 
spread. All four combinations are 
permitted and useful. muLISP forms 
are compiled in a way that is largely 
transparent to the user. 

Cromemco and (T.(L.C)) LISP also 
allow both call-by-value and call-by- 
name (referred to as "“саП- 
unevaluated" in the manual) forms. 


| issue Discussed Cromemco and (T.(L.C)) LISP 
Cost $295-Сготетсо 
*$1504T.(L.O) 
Data types supported *Atoms, integers, floating-point, characters, 
Strings, lists, property lisis 
Туре checking *yes 


Number of Intrinsic functions 
Psrameter oplions 
Special forms 


Control flow 


*145-Cromemco, 144-(T.(L С)) 
*Optlonal, auxiliary, rest 
*Macros, read-macros "call-by-unevaluated" 


DO, PROG1, PROGN, COND, AND, OR, 


CATCH, THROW 


Input and output at the tarminal 
Program saving and restoring 
Program-controlled inpul and outpul 


Space management 


Allows backspace 
Text files, absolute memory image, auto-load 
* Well аспе, VO functions work on strings 


Dynamic space allocation for all dala lypes, 


the stack !s fixed in size and [oo small 


User environment 


Simple environment for developing, 


debugging, and executing programs, ability to 
examine the data stack afler errors, exlensive 
error checking, tracing abilities 


Linking to assembly language 


Cromemca-well documented and supported 


(T.(L.C)knot supported 


Documantation/library software 


Clear manual suitable for beginners; many 


examples 


Speed 


Adequale 


Additionally, LISP macros are sup- 
ported. A LISP macro has only one 
parameter, which is bound to the 
complete text of the expression that 
calls the macro. For example, con- 
sider a macro TEST, which is called 
with the following expression: 


(TEST JOE (CAR A) 5) 


The forma! parameter of TEST would 
be bound to the expression: 


(TEST JOE (CAR A) 5) 


The macro body is then free to 
manipulate the original expression 
with the full power of LISP. The 


muLiSP 

$200 

Atoms, strings, infinite integers, lisis, property 
lists 

no 

71 

Spread ar no-spread 

"Call-by-name"' 


LOOP, implicit sequencing, PROG1, COND, 
implicit conditional, AND, OR 


*Allows backspace, relype line, abori line 
Text files and compressed internal image files 
Well done 


"Dynamic space allocation for all data types 
and the stack 


Separate development (muSTAR) and 
execution (muLISP) environments: no abilily 
lo examine the data stack after errors, too 
little error checking; muSTAR includes a 
screen editor, tracing abilities; source code 
for muSTAR included 


Possible but poorly documented 
Clear user's manual; too terse and formal for 
beginners; includes several utilities and 


games 


tA ta? times faster than the others 


Table 1: Comparison chart for the versions of LISP reviewed. This table summarizes the differences discussed in the text. For each 
issue discussed, an asterisk (*) denotes the LISP the reviewers consider to be superior. The absence of an asterisk denotes a Не 


among the three versions. 
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(T.L.C) Cromemco muLISP 
Expression evaluated in TESTER loop counts counts counts 


(HAS-AS-MEMBER-I "В LONG1) 
(HAS-AS-MEMBER-R "В LONG!1) 
(НЕМОУЕ-ЕІ ЕМЕМТ "В LONG41) 
(REMOVE-ELEMENT-R "В LONG41) 
(HOW-RELATED 'FRODO-B 'BILBO-B) 


Notes: 


eAII of the above expressions were evaluated as many times as possible in 30 seconds (60 seconds Гог the call to HOW-RELATE D). The 


counis represent how many complete evaluations occurred in that time. 
«The counts given represent an average of three separate trials, except for the Cromemco counts, which represent ona trial. The one 


Gromarmco trial was run to verify the similarity between (T.(L.C)) and Cromemco LISP as explained in the text. 
emuLISP performs particularly slowly with REMOVE-ELEMENT-I because this function uses APPEND, which is not intrinsic to muLISP. To 


run ВЕМОУЕ-ЕТЕМЕМТ-| we used the recursive version of APPEND supplied In the muLISP utility library. The use of an interative APPEND 


would Improve the performance shown. 
aThese tests were run оп a Cromemco СЗ 280-Бавед system with 64 К bytes of memary running at 4 MHz. 
e The amount of available memory influences these results in two opposing ways. More memory means fewer garbage collections, but the 


garbage collactions that do occur last longer. 


Table 2: Timing results for the LISP benchmark programs. For details on how this table was compiled, see the text box "Notes on 
LISP Benchmarks." 


APPLE GRAPHICS PARALLEL INTERFACE TRS80 BIDIRECTIONAL 1/0 PORT 
Full Hi Res Graphics for Epson, OKI and others 599 Cascadable with Selectable Addressing $39 
ALTOS INTERFACES . . TELRVIDEQ = 
АС5 8000-15 - 54750 SSM-AID - $160 — CPS-Carü ~ 5199 912 - $720 850 = $950 
ANADEX LOBO = - |  OKIDATE ——— — 
9500 - $1225 — 8501 - $1275 APPLE DrTve/Gard - ЕЗҮН м80 ~ $370 51-125 = 53150 
CENTRONICS TRS 80 Drive/Interface - $260/$87 MB2 ~ $510 51-250 - $4200 
730 - $600 737 - $750 APPLE DD Drive - $2750 M83 - $749 SLG - $4750 
DATASOUTH MODEMS TI 
05180 - $1295 САТ - 5155 НАҮ5 - 5325 810 ~ $1475 820 - $1795 


05120 - EFE А 
HABL | | 
630 - $2150 1640 - $2575 886 - $595 996 - $695 Al? Najar Brands - $ Cal} 
ETTES ITORS дайт b 
- $159 ЖЕНӘКЕСТЕЕ 200NS - 513.35 


Sic cie 1-2. 
Бер Кы 


DISK 


AMDEK Green - 5150 
SANYO Green - $249 Color - $525 Game Paddles - $19.95 
HAZELTINE NEC ZENITH 

#19 - 5775 289 - 52195 


Scotch 5& ~ 52,75 Шуѕап - $3.40 АРҒ - $125 _ А 
ЕР5ОМ Color - 5350 Game Paddle Extension - 219.95 


№Х70 - 5379 МХ100 - $849 
1500 - 5995 Esprit = 5650 5510 - $2540 5520 - 52900 
EXPOTEK CORPORATION INTERNATIONAL "——— 


DISCOUNT LINE | 
1-800-528-8960 2231R West Shangri La Road, Phoenix, AZ 85029 TWX 910- 950-1194 
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value computed, however, is then 
itself evaluated, yielding the final 
value of the macro call. Often a prob- 
lem is best solved by manipulating 
the text of a form's call. Macros allow 
this manipulation in a clean way. 
Macros are particularly suitable for 
hiding data-structure implementa- 
tions. 

Cromemco and (T.(L.C) LISP 
allow a very general formal- 
parameter-list specification for call- 
by-value functions. In particular, one 
can specify regular parameters, op- 
tional parameters, auxiliary 
parameters, and a rest parameter, 
Optional parameters are bound to a 
specified default value if they are not 
specified as an actual parameter. 
Auxiliary parameters are local 
variables to the function, and they 
are specified with an initialization 
value. The rest parameter is bound to 
a list of all actual parameters not 
bound to a forma] parameter of some 
other type. This is more flexible than 
the no-spread parameter of muLISP 


because some actual parameters can 
be required even though the total 
number is indefinite. The call-by- 
name and macro forms of Cromemco 
and (T.(L.C)) LISP also allow the 
definition of auxiliary parameters. 
We found this sophisticated 
parameter list to be quite useful and 
concise once we were familiar with it. 


LISP Control Structures 

Because LISP uses the same 
representation for data and pro- 
grams, the difference between control 
structures and data structures 
becomes blurred. For example, one 
function may construct a list which is 
then evaluated as a function call. We 
have done this in the function BUILD- 
LONG-CONS in listing 3. For the 
purpose of this review, we consider 
any construct that affects the order of 
expression evaluation to be a control 
structure. LISP easily allows the 
definition and integration of new con- 
tro] structures that reflect the needs of 
a particular problem. In particular, 


the LISPs reviewed here allow one to 
create new control structures using 
the special forms described above. 
This means that if you like a control 
structure іп one LISP, you can 
usually emulate it in another, 


Sequencing Control Structures 

The simplest control structure 
allows one to evaluate a sequence of 
expressions. In muLISP, sequential 
evaluation is implied by putting 
several expressions to be evaluated 
into a list. For example: 


((PLUS 3 4) (CAR (QUOTE (A B))) 
(SETQ 2 6) 


returns: 
(7 А6) 


and binds 6 to the atom 2, Also pro- 
vided is the PROGI form which 
returns the value of the first expres- 
sion it evaluates, but also evaluates 

Text continued on page 396 


Listing 3: Benchmark functions for versions of the LISP programming language. These functions are used either to build expressions 
used in the timing benchmarks or as functions to be benchmarked. BUILD-LONG-CONS, BUILD-DEEP-CONS, and NESTED- 
APPLICATION are used to build expressions that test CONS, CAR, and CDR. Listing 5 shows how they are used. REMOVE- 
ELEMENT and HAS-AS-MEMBER represent archetypical LISP functions. They are tested in both a recursive and an iterative form. 
These functions are written in a neutral "standard" LISP, except for the iterative versions of REMOVE-ELEMENT and HAS-AS- 
MEMBER. Comments are delimited with braces ({ J. See also table 2 and the text box labeled "Notes on LISP Benchmarks." 


LD bd din Sac руі ӘП din n ey ee le A ee sy ce ee p ee ee ————GPr——————————————————————— eis Gey ы 


build-long-cons 


+ Builds a CONS expression which, 


when evaluated, 


will 


ʻA NIL)))2)) 


(fbuild-leng -cons (difference length 1) 
element?)))) 


produce a list LENGTH long af ELEMENT. Example: 
(BUILD-LONG-CONS 5 'A) returns 
(CONS ‘А (CONS “А (CONS "A (CONG "A. (CONS 

} 
(lambda (length element) 
(cond ((zerop length) ni)) 
(t (list ‘cons 
(list quote element) 
build—-deesp-cons 


+ Builds a CONS expression which, shen evaluated, 


will produce 


а list DEPTH deep with the innnermost list containing 


ELEMENT. Example: 


(BUILD-DEEP-CONS 5 
(CONS (CONS (CONS (CONS (CONS 


ҒА) returne 


(lambda (depth element) 
(cond ((zerop depth) (list ‘quote element) >) 
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^^ NIL) NIL) NIL?) 


NIL) NIL? 


Listing 3 continued: 
(t (list 'cons 


(build -derp-cons (difference depth 1) 


element) 
п11)))) 
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nested-application 


< Builds an expression which, when evaluated, will apply 
FUNCTION to ARG, then FUNCTION to the results, then to 
those results, etc. for a total of LENGTH times. Example: 


(NESTED-APPLICATION “САЯ 5 '(CGGCGA)220)0) ) returns 
(CAR (САН (CAR (САН (САН €CCCCCA2220202 0 2 0 2 ) 


(lambda (function length ата) 
(cond ((zerop length) ата) 
(t (list function 
(nested -application 
function 
(difference length 1) 
ата))))) 
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has-as—member-r 


€ Returns T if ELEMENT appears in #51. This is the recursive 
version af the functian. 
(lambda (element 15%) 
(cond ((null lst) nil) 
((ға element (саг Jst)) t) 
(t Chas~as-member element (cdr 15%))))) 
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remave-element-r 


€ Returns a copy of LST with all occurerces of ELEMENT 
deleted. This is the recursive version. 7 
(lambda (element 16%) 
{cond (¢null Ist) nil) 
((eq element (car )5%)) (remove-element-r 
element 
(cdr 18%))) 
(t (cons (car 1%) 
(remove -element element (cdr 165%)))))) 
has-as-member-i-muLISP 
< Тһе muLISP iterative version of HAS-AS-MEMBER. > 
(lambda (element lst) 
(setq cdr-lst 156) 
(loop (null cdr~-lst) nil} 
(leq (сат cdr-let) clement) t) 
(setq cdr-1st (cdr cdr-lst)))) 
remove-element-i-Cromemco-tic 
€ The Cromemco/(T. (LL. C) ) iterative version of REMOVE-ELEMENT. > 
(lambda (element 1st) 
(do (CPront nil 
(if (eq element (car back)) 
(append Pront (list (car back))) 
front)) 
(back 1st (cdr back))) 
(CIQCnu11 back? front)??? 
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Text continued from page 394: 
all other expressions in order, For ex- 
ample: 


(PROGI (PLUS 3 4) (CAR (QUOTE 
(АВ))($ЕТО Z 6) 


returns 7, but also executes the CAR, 
throwing away the result, and binds 6 
to the atom 2. 

The implicit sequence evaluation, 
while convenient, is often confusing 
and error-prone. Quite often, incor- 
rect functions evaluate without an 
error because there is almost always a 
legal interpretation of any expression. 
We feel this disadvantage outweighs 
the convenience of the implicit form. 

Cromemco and (T .(L.C)) LISP pro- 
vide PROGI as well as a PROGN 
special form. PROGN evaluates its 
expressions in sequence, like PROGI, 
but returns the value of the last ex- 
pression evaluated, 


Conditional Control Structures 
The standard LISP form for ex- 


Notes on LISP Benchmarks 


pressing conditionality is COND. In 
muLISP, COND is implied in any list 
of expressions. If any element of the 
list is of the form: 


( predicate expression ) 


and predicate evaluates to non-NIL, 
then control exits from the outer list 
with the value of expression. Like the 
implicit sequence evaluation, this 
feature trades readability and ease of 
debugging for conciseness and speed. 
Of course, an explicit COND is also 
available in muLISP. 

The COND form is augmented 
with an IF form in Cromemco and 
(T.(L.C)) LISP: 


(IF predicate expression-1 
expression-2 . . . expression-n) 


If predicate is true, expression-1 is 
evaluated and its value is returned. 
Otherwise, expression-2 through 
expression-n are evaluated, and the 


The timing benchmarks were designed to test the speed of CAR, CDR, and 


CONS, the workhorse functions of LISP; the speed of some simple but 
"archetypical" LISP functions, in both recursive and iterative form; and the speed af 
а reasonably large LISP program with several modules, Basically, the benchmarks 
were performed іп an environment created by defining the functions shown in listing 
3 and evaluating the expressions shown in listing 4. 

To test CAR, CDR, and CONS, we built long nested expressions that invoke only 


these functions, This is done with the functions BUILD-LONG-CONS, BUILD- 


DEEP-CONS, and NESTED-APPLICATION іп listing 3. 

We chose REMOVE-ELEMENT and HAS-AS-MEMBER as the "archetypical" 
LISP functions. [n listing 3, we show the recursive uersions of each and a sample 
iterative version of each. Since iteration constructs differ widely among LISPs, we 
tailored an iterative version for each LISP to be benchmarked. 

Finally, listing 4 shows the genenlogy program we developed as our full-size LISP 
program. This program allows one to enter family-tree information through the 
functions BORN, MARRIED, and FIRST-BORN (FIRST-BORN із used when the 
parents of the nzw entry are unknown). The family tree is queried by calling the 
function HOW-RELATED with two names. This program has three principal сот- 
ponents. The first group of functions know about kinship, These functions use 
another set of functions that perform a breadth-first search through a family tree. 
Finally, the family tree is implemented with a set of graph-manipulating functions 
based on the language GRASPER, 

іп listing 5, we entered parts of the BAGGINS and TOOK family trees. Our test 
then involved asking how Bilbo Baggiris and Frodo Baggins are related. These family 
trees can be found in appendix C of ] R R Tolkien's Return of the King, 

Timing is actually done by counting the number of times a given expression will be 
evaluated in a fixed time period. The function TESTER in listing 5 performs the 
evaluation and counting repeatedly until it is interrupted after a fixed time period. 
The count is then examined. Note that before entering the main tester loop we 
always perform a garbage collection. 
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results of evaluating expression-n are 
returned. 

АП three LISPs provide the condi- 
tional logical operators AND апа 
OR: 


(AND predicate-1 predicate-2 . . . 
predicate-n) 

(OR predicate-1 predicate-2 . . , 
predicate-n) 


If any predicate-i evaluates to NIL 
tor AND, or other than NIL for OR, 
the form immediately returns with 
that value, evaluating no other 


predicate-i. 


Recursion and Iteration 

LISP is one of the cleanest 
languages in which to express a recur- 
sive solution to a problem. LISP pro- 
grams that use only recursion are 
clean, elegant, and very simple to 
debug because there are no global 
variables or side effects. Unfortunate- 
ly, purely recursive LISP programs 
are usually too slow. Typically, when 
an application program is found to be 
too slow, a few functions are taking 
most of the time. (In our genealogy 
program in listing 4, SONG-1 and 
SING-1 are the critically slow func- 
tions.) Once these functions аге 
found, they can each be optimized, 
usually by making them iterative. 
Good LISPs must provide clean 
iterative structures which localize any 
use Of side effects and easily replace 
recursive structures. All LISPs 
reviewed here have good iteration 


constructs. 
The LOOP iteration construct of 


muLISP allows any sequence of ex- 
pressions within the loop body. If any 
expressions are of the form: 


(predicate expression) 


then predicate is evaluated on each 
iteration of the loop, If it is non-NIL, 
the LOOP returns with the value of 
expression. 

Consider the problem of writing a 
function to print out the integers from 
1 to n, returning the value n. In 
muLISP this would be written as 
shown in listing 2a. 

Тһе DO iteration construct of 

Text continued on page 404 


Listing 4: À genealogy program written іп LISP. This program is intended to test the LISPs on a moderate-sized program with 
several modules. It allows one to enter family-tree information through the functions BORN, MARRIED, and FIRST-BORN 
(FIRST-BORN is used when the parents of the new entry are unknown ), The system is initialized with the function CREATE- 
UNIVERSE. The program has three levels: a group of functions that know about kinship, anather group of functions that perform a 
breadth-first search, and finally a set of graph-manipulation functions that implement the family-tree data structure. 
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how-related 
< Describes how P1 is related to Po. First we check the simple 
cases that P1 is the same as P2 and that Рі is P2’s spouse, 
Otherwize, we call DESCRIBE-RELA1JUN after computing the 
path in the family tree between P1 Ро. } 
(lambda ірі p2? 
(cond (Сеа рі p2) (list ‘same)) 
((eq pi (spouse -f ре) ) (list 
(sex-gf-spouse р1))) 
(t (describe-reletion pi 
p2 
(find-path-between рі p2))))) 


SP ad EE ME x|»E a iEn ee eee ee] i D лына -- | ee, Lon Lai ee ШЫРЫП. ee ee ee d Jd ÉL 


describe-relation 
{ Based оп a legal connecting path through the family tree, 
describes how P1 is related to P2.  PA^TH-UP-AND-DQUN is a 
list with the distance up from Р1 to the lowest common 
ancestor and the distance down ta Pi from the lowest 
common ancestor. We use a LAMBDA binding to cut this 
list into components D1 and D2. 1f either Di or D2 is 
zero, the relationship is direct. (tither cases are dealt with 
Бу NOT-DIRECT-RELATIONS. > 
(lambda (p1 p2 path-up-and-doconi) 
(cond ((null path-up-and -doun) ‘(not 
related 
buy 
blood)) 
(t (Clambda (di 42) 
(cond (rq di 0) 
(direct-ancestor рі d2)) 
((са 42 0) 
(direct-descendent pl d1)) 
(% tnot-direct-relations 


(car path-up-end down) 
(сабт path-up -end—-down) )))) 


direct-descendent 
{ The relationship is known to be child, grandchild, great 
grandchild, or etc. This function invokes choosing the 
right relation name by sex — son ov daughter, and the 
right number of greats. 2 
(lambda (younger distance) 
(add-grand-greats (sex-of-child younger) distance)) 


direct-ancestor 
Тһе relationship is known to be parent. grandparent. great 

grandparent, or etc. This function invokes choosing the 

Tight relation name by sex — father or mother, and the 

right number of greats. 2 

(lambda (older distance? 
(add-grand—-greats (sex-of-parent older) distance)) 
Listing 4 continued on page 398 
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Listing 4 continued: 
not-direct-Trelations 
{ Based on the distances 01 and 02, determine the relation 

Pi and P2. If Di and D2 are both one, then Pi and P2 are 
siblings. If D1 equals 02, and both are greater than опе, 
then РТ is P2's nth cousin, where п is Di (ог D2) minus one. 
Finally, if 01 is not equal to рғ, and both are greater than 
one, P1 is P2’s Nth cousin, M removed, М is Di minus 1, and M is 
the absolute value of the difference between Di and De. 


(lambda (рі p2 91 ае) 
{cond (ала (eq di 1) (eq d2 1)) (list 
(sex-of-sibling p1))) 


((eq di d2) (list (difference di 1) 
'teusin)) 
((eq di 1) (ancestore-sibling pl d2)) 
((eq 92 1) (siblings ‘descendent рі d1)) 
(t (list (difference 41 1) 
"cousin 
(abs (difference d2 91}) 
'removed))2)) 
find-path-hetween 
{ To find а path between P1 and Рё we use a breadth first search. 
Starting at РІ we look for P2 one step ашау; then two 
steps away, etc. Тһе BREADTH-FIHS1:-SEARCH is passed a list 
of unexpanded nodes and a goal. jhe unexpanded nodes are 
lists with the following information: 
-а person to be checked next 
“the distance traveled up to get to this person 
“the distance traveled down to acti to this person 
—the last person visited before this person 


We start with a P1 node and initia] values on the unexpanded 
list. } 


(lambda (pi pz) 
(hbreadth-first-search (Jish (list pi 
О 
9 
‘the-great-unknown) ) 


р?) ) 
breadth-first-search 
{ We take the first unexpanded node of the unexpanded list. 
if it represents the goal node, we return its accumulated 
distances. Otherwize., ue check its relations to see who 
needs to be added as nodes to thr unexpanded list, 2? 
(lambda (unexpanded доа1-поде) 
(сопа ((null unexpanded) nijl) 
(t (tlambda (next) 
(cond Cira (node-of next) 
goal-nodel 
(list (dist-up-of next) 
(dist-doun-of next?)) 
(4 (check-relatives 
next 
goal-node 
{сат unexpanded))))) 
(сат unexpanded))))) 
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check-relatives 
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Listing 4 continued: 


< Appends neu nodes on the end of the unexpanded list. By 
putting them on the end we get a breadth first search. 
These new nodes are built by BUILD NLU-UNEXPANDED which 
А uses variaus information from the last node expanded. 
(lambda (last-expanded person unexpanded) 
(breadth-first-search (append unexpanded 
(build-new-unexpanded 
{nade-of 
last-expanded) 
(dist-up-of 
last-expanded) 
(dist-down-of 
last-expanded) 
(шһете-оР 
last-expanded))) 
nercron)) 
build-new-unexpanded 
{ Finds all the neighbors of the node last expanded and 
builds unexpanded nodes for them. ]Г we have not 
yet started down in the tree (D-DUWN equals 0), 
ше can also build unexpanded nades From parents of the 
node last expanded. In each case we will note 
the new distances and the node last expanded. } 
(lambda (node d~-up d-down from) 
(append (make-unexpanded (rong node 'child) 


нде 

б -up 

(plus d—doun 1) 

from) 

(cond ((eq d-down О) (make-unexpanded 

(sang 
node 
'"parent) 
node 
(plus d—up 1) 
d-down 
from)? 


(t mil)))) 
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make-unexpanded 
{ Given a list of nodes and information about how we got 
to those nodes. builds unexpanded nodes for the 


breadth first search. We do not make an unexpanded node 
for THE-GREAT-UNKNOWN or for the plere ше were at tuo steps 
ago. In this way we avoid infinitely looping through 


the family tree. + 
(lambda (node-list from d-up d--down from—-from) 
(cond (inull node-list) nil) 
(Cor (eq (car node-list) 
‘the-great -unknown) 
(eq (car node-Jist) from-from)) 
(make-unexpanded (cdr node-list? 
from 
Ü up 
d -doun 
from-fram?) 
(t (cons (list (саг node-list) 
d -up 
d -Gouni 
Listing 4 continued on page 400 
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Listing 4 continued: 


Prun) 
(make-unexpended (cdr node—list) 
from 
d-up 
d-down 


From-from?)))) 
node-of 
{ This and the next three functions select sub fields of an 
unexpanded node. 3 
(lambda (unexpanded-entry) (car unexpanded-entry)) 
dist—up-oFf 
(lambda (unexpanded-entry) (cadr unexpanded-entry)) 
dist-doun-of 
(lambda (unexpanded-entry) (caddr unexpanded-entry )) 
uhere-of 
(lambda (unexpanded-entry) (cadddr unexpanded-entru)) 
born 
+ Allows a user to declare that PERSIUN of sex SEX was barn 
to PARENTi and PARENT2. Various greph primitives are 
used to link the new arrival into the family tree. These 
primitives are explained below. 1 
(lambda (person parenti parente sex) 
(progn (cun person? 
(bun person sex? 
(cip person 'ch3Jd parenti) 
(cip person ‘child parent2) 
(cop person ‘parent parenti) 
(cop person ‘prrent parent2) 
person)? 
married 
€ Allows a user to declare that PERS(INS and PERSON2 were 
married. The graph processing primitives used to do 
this are explained below. + 
(lambda (personi persona)? 
(progn (сар personi ‘espouse persona) 
(list personi ретсопа } } } 
add-grand-greats 
X Adds the right NUMBER of "grand"* and "“great"s to the 
basic relationship name ПМЕ-САЗЕ. + 
(lambda (one-case number) 
(cond ((eq number 1) (litt one-case)) 
((eq number 2) (list ‘grand one-case)) 
(t (cons 'great 
(add-grond--qreats one-case 
(difference 
number 
1)))))) 


add-greats 
{ Add the right NUMBER of “great"s to the basic relationship 
name ONE-CASE. Note that "grand"s сте not used, This 
is more common usage for great uncles and aunts. } 
(lambda (one-case number) 
(cond (еа number 1) (list one-case)) 
(t (cons 'great 
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Listing 4 continued: 
Cadd-greats one-case 
(difference number 1)))))) 
ancestors-sibling 
{ Builds up the appropriate kind of uncle or aunt based 
on the sex of UNCLE-OR—-AUNT and ihe DISTANCE. >} 
{lambda (uncle-or-aunt distance) 
(add—-greats (sex-—-of-uncle-or—-aunt uncle-or-aunt) 
(difference dit.tance 1))) 
siblings-descendent 
{ Builds up the appropriate kind of niece or nephew based 
on the sex of NIECE-OR-NEPHEW and ihe DISTANCE. У 
(lambda (niece-or-nephew distance) 
(add-greats (sex-of-nitce -ar-nephew niece-or-nepheu) 
(difference distance 1))) 
рооѕе- а? 
{ Follows NODEs spouse link using a graph processing primitive. } 
(lambda (node) 
(car (song node ‘spouse))) 
sex-of-child 
< This and the next ó functions chaose the appropriate relation 
name based on the PERSONs name. They all pass а FEMALE-CHOICE 
and a MALE-CHOICE to CHOOSE-BY-SEX, which actully looks 
up the sex of PERSON and returns a theice. 9 
(lambda (person) 
(chaose—-by-sex person ‘drughter 'son)) 
sex—of-parent 
(lambda (person? 
(choose-by-sex person ‘mother 'father)) 
sex—-of-spouse 
(lambda (person) 
(choose—bhy-sex person ‘wife 'husband)) 
sex-of-uncle-or-aunt 
(lambda (person? 
(choose-by-sex person ‘ami 'uncle)) 
sex-of-niece-or-nepheu 
(lambda (person) 
(choose—-by-sex person “піссе ‘nephew)) 
sex-of-sibling 
(lambda (person?) 
(choose-by-sex person ‘tister "'brothen?)) 
choose—by—-sex 
(lambda (person female-choice mele -choice) 
(cond ( (еа (sex-of person) 'female) 
female-choice) 
{Е male-choice))) 
sex—of 
{< Uses graph processing primitives to luak up the sex of PERSON +? 


(lambda (person) (vun person)? 


first-born Listing 4 continued on page 402 
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Listing 4 continued: 


{ Useful to enter a person whose parents are not known. + 
(lambda (person sex) 
(progn (cun person? 
(bun person sex))) 
create-universe 

{ Sets up the two global lists used hy the graph processing 
system. The UNIVERSE-NODE-LIST it. a Jist of all the nodes 
in the system. Here. a node is a pevson in the family tree. 
The UNIVERSE-EDGE-LIST holds all thc connections between 
nodes in the system. These are kept as triples of (nodel 
edge node2) to represent an edge callrd EDGE pointing 
from NODE1 to NODEZ2. In this case the edges will be 
familial relations. This function also creates ТНЕ- 
GREAT-UNKNOWN who is related to un one, } 


(lambda nil 
(progn (setq universe ncode-list nil) 
(setq universe -eduwe -list nil? 
(cun "'"the-great -unkiuown) ) ) 
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+ Creates a node in the universe by updating the 
UNIVERSE-NODE-LIST. } 


(lambda (node) 
(progn (setq universe nnde -list (cons 
node 
universe-node-list)) 
node)) 
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bun 
< Binds a value to a node in the universe. Node values are 
kept on the node‘s property list, under the indicator VALUE. 
Here the value of a node is the pertons sex. У 


(lambda (node value) (putprop note value ‘value?)) 
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{ Get the value of a node in the universe. The converse of bun } 


(lambda (node) (getprop node “уг1иғ)) 
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{ Set of all nodes in the universe. this is just the 
UNIVERSE-NODE-LIST itself.) 


(lambda nil universe-node-lisi.) 


анна жән шина -— NEG ЕЧ Жарың, Ge Jur ЕЛЬ RP Жаны SP. und Шы БҰНЫ» ED ШШыһ ҒЫНЫ Ro Бе» COT ue ны} An candi ани né чый. dud МЕН жана ыры us шейін ейін ініме ambo cuc n agn — m cire кейі төне) ium eee быны eet қарық шақар dun келей ee тыны: ee GE рЫ eee ЕН” қық, ата НЧИ ақыны ee ee ee AED ee m 


{ Create an inpointing edge. This just reverses the arguments 
passed to it and calls add-triple which does the work, 2 


(lambda (nodel edge node2) 
(progn (add-triple nodes edge поде!) nodel)) 


cop 
i Creates an outpointing edge, from nodel to nodeg. As above 
but without the reversal of arguments. 7 


(lambda (nodel edge node2) 
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Listing 4 continued: 
(progn (add—-triple nodel edge node?) nodel)) 
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cap 
< Creates a pair of edges one in each direction. } 
(lambda (nodel edge node?) 
(progn (cip nodel edge node?) (сор nodel edge пойе2) ) } 
sing 


t Set of nodes who point to this побе via edges of type EDGE. 
here we just set up the call for the vecursive helper 
function. ? 


(lambda (nodel edge?) (sing-1 nudel edge universe-edge-list)?) 


sing-l 

{ This is the recursive version of thr helper function for sing. 
Since this function and song-1 below are the two workhorses 
of the graph functions: we used iterative versions in the 
timing tests. The recursive versions ere shown here for 
clarity. The function CDRs down Ч (initaly the UNIVERSE- 
EDGE-LIST) looking for a triple of the form (nodel 
edge node2) where node2 equals № end edge equals Е. 
Whenever it finds such a triple it CUNSes the nodel element 
ta the set of nodes to be returned. this is just the set 
of nodes which have edges of typr Е which point to Ni. + 


(lambda (пі е и) 
(сола ((null и) nil) 

(Cand (eq (сайат и) е) (eq (caddar и) ni)? 

(cons (саат м) (cing-1 пі е (cdr м)))) 

(t (sing-1 пі в (tdr и))))) 
song 

( Set of nodes which NODE1 points to vie an edge of type EDGE. 

This is just like sing above, excerpt it calls song-1. } 


(lambda (nodel edge) (song-i nodel edge universe-edge-list)?) 
sang-1 
€ Identical to sing-1 above except here we are matching 
поде1 and edge of the triple and returning побег. + 


(lambda (n1 e u) 
(cond ((пу11 и) nil? 
(Cand (eq (саат и) nj) (eq (сайат м) e)) 
(cons (caddar u) (&eng-1 пі в (cdr м)))) 
(t (song-1 nl e (ór u)))0)0) 


Шашың GEN) Исаны с=с: шкі сынар бысы ЧЫЗ quise] сыл: аА БЫР a GEEUS ЧЕЗ; шолшы шашып coz дика DESI; сама) aga Musa Әзер amaro ЖЫЛЫН ҰҒШЫНЫ amen GENE, ИЕЫ emm шин НЫ жый GRGSR ERR amans cc UR ee RENS UEM (uem dium сайын ie табыр dicil зс OUS) қылыб КБЕ ee шша (ылар sonat dun Чеши ашылу Unum) aix decr dumm cian 


f Destroys a node in the universe by removing it from 
the UNIVERSE-NODE-LIST and the UNIVF-RSE-EDGE-L IST. 
the real work is done by retriples and remember below. + 


(lambda (node) 
(progn (setq universe -node -list (remember 
node 
universe-node-list)) 
Listing 4 continued on page 404 
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Listing 4 continued: 


node)) 


(setq universe-edge -list (retriples 


node 
universe-edge-list)) 


апар» aM imum dien eet ge И нш (тет, uec] EE ШЕШ "umm iim emp onc GERNE NEED EARS АЕРА „лр (NP (XO корын Iw dde i RR ТИЕШ тн CN E OU Oc cc — жш кын ашы) Жышай ШШ! клей ШШЕ D RR. A P J Ro Lon looo. end e ОИ, БШШ 


remember 


{ Remove all ocurrences of NODE in 1751. 
a simple recursive constructor function. 


This is just 
It CDRs doun the 


list and CONSes together all elements which are not NODE. } 


(lambda (node list) 
(cond ((null list) nil) 


((eq (сат list) node) 


(t (cons (car list) 


11і5%)))))) 


(remember 


node 
(cdr list?)) 


(remember node (cdr 


EY ea ТО Ee meni ылы, {шше ee een Hen (oe ЮВ dés т} этет, SY a ec py ce Н ыен iur шы ur Бн es mium tm: cmi tee reir ie Wher 


retriples 


+ Remove all triples from U (the UNJV-HGE-EDGE-LISGT) where 
М is either nodel or nodeZ2. This eliminates any edges 
which point to or from node М. } 


(lambda (n u) 


(cond Cinull u) nil) 


(Cor (eq n (саат u)) 


(retriples n iidr u))) 
(t (cons (car u) fretriples n (сат и)))9)) 


L0 RE SR es ec ee e rob i oT s LL L5 5 жы 1 22 вә md ee se ey En ee se ee cee ee ee ee id 


add-triple 


(eq n (caddar u))) 


4 Updates the global UNIVERSE-EDGE-LIS! to reflect the new 


edge given by the triple (N1 E N:'). 


(lambda (пі e ла) 


t points from М1 to Мо, } 


(setq universe-edge-list ісррелі universe-edge-list 
(list 


(list ni e по) ) ) )) 
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Text continued from page 396: 


Cromemco and (T.(L.C) LISP is 
more complex, more powerful, and 
more baroque. Particularly useful is 
the ability to specify an arbitrary 
number of local variables, how each 
is to be initialized, and how each is to 
be modified at each iteration. Also, 
one can specify an arbitrary number 
of exit tests and associated exit 
values, Finally, an arbitrary and 
possibly empty sequence of expres- 
sions make up the loop body. Our 
counting example above for 
Cromemco and (T.(L.C)) LISP is 
given in listing 2b. 


Nonstructured Function Exits 
Sometimes we want a function to 
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exit from an arbitrary number of 
function call levels. For example, we 
might design a system that always 
allows users to type QUIT to return 
to the system's tap command level. 
The CATCH and THROW forms of 
Cromemco and (T.(L.C)) LISP give 
this capability. 

For example: 


(CATCH label expression-list) 


says ta evaluate the expression-iist, 
much like а PROGN. И, during that 
evaluation, the expression: 


(THROW label exit-expression-list) 


is evaluated, then the CATCH im- 
mediately returns with the value 


returned by treating exit-expression- 
list as a PROGN. This exit ignores 
any intervening computation ог 
pending functions specified within the 
CATCH expression-list, If a THROW 
with the corresponding label is not 
evaluated, the CATCH is treated just 
like a PROGN, Note that the label is 
just an atom to establish a cor- 
respondence between a given 


CATCH and THROW. 


Input and Output in LISP 

Since LISP is a highly interactive 
language, an implementation must 
have high-quality I/O (input/output) 
capabilities. A user will be involved 
with three similar (and often inter- 
changeable) aspects of I/O. First, 


there is the common method of in- 
teraction with the interpreter: typing 
expressions and reading the results. 
Second, there are the techniques of 
saving and restoring disk files con- 
taining programs and data. Third, 
there are the input and output opera- 
tions that happen during user- 
function execution. 

The distinctions here are somewhat 
arbitrary. Since the difference be- 
tween program and data is explicitly 
not enforced in LISP, it is easy to 
create functions that, for instance, 
write themselves onto disk. In fact, a 
common way to load programs is to 
redefine the source of expressions for 
the "driver" as a disk file rather than 
the keyboard. For the sake of clarity, 
though, we discuss the three aspects 


of МО mentioned above as separate 
topics. 

Terminal І/О in all three LISPs 
leaves something to be desired. 
muLISP allows for CP/M-style 
within-the-line editing during input. 
It recognizes ІХ (control-X) as 
rubout; IR as retype line; 10 as abort 
line. It has the usual backspace and 
delete characters, If the user, while 
typing an expression, goes beyond 
one line of text, the system does not 
reprompt the user. This is especially 
important if the user is not sure if the 
form he or she is typing is correct (in 
terms of matching parentheses). The 
user has no indication from the 
system that it is expecting more input 
rather than executing the desired ex- 
pression. 


Listing 5: А set of LISP expressions used to conduct the benchmarks of table 2, 


4 Expressions to set 


(SETQ LC (BUILD-LONG-CONS 80 


(SETQ 


(SETQ LONG (EVAL LC)» 


(SETQ DEEP (EVAL. DC») 


(SETQ 
(SETQ ЕБІССІК 


(SETQ LONGI (APPEND LONG 


(ПЕ MIX-4-1 (LENGTH Ei EZ) 


{COND 


((LT LENGTH 1) NIL) 
(LIST Е1 Ei Ei ЕІ 
(МІХ-4-1 (SUB LENGTH 5) Ed 


(T i АРРЕМП 


) 
2999 


(БЕТП LONG41 (MIX-4-1 50 


DC (BUILD-DEEF-CONS 50 


БІССАК (NESTED-APPLICATION 
(NESTED-APPL [CATION 


Ur the basic benchmarks Ж 


“А9) 


"А>? 


"САБ 49 “ПЕЕР9) 


‘COR 49 'LONG)?) 


*€B))) 


E2) 
E2) 


"А “В)) 


% Тһе muLISP version of tester 7 


(ШЕ TESTER (FORM) 
(SETU COUNT 0) 
(PRINT (RECLAIM) ) 
(LOOF 

(ЕМА FORM? 


X initialize the count X 
4 Perform an initial sorbasde collect X 
7 loore infinitlw (until an external 
и eval the exerression 


Cromemco and (T.(L.C)) LISP ac- 
cept input in an immediate mode, 
When appropriate, they do not wait 
for a carriage return to accept a legal 
expression, Unfortunately, they 
allow no within-the-line editing ex- 
cept For backspacing. On a hard-copy 
terminal, this can be extremely 
frustrating. On a video terminal, this 
would not be a serious problem. 

Cromemco and (T.(L.C)} LISP 
have very flexible and easy-to-use 
read-macro capabilities. The input 
routines are table-driven in such a 
way that the user can easily redefine 
the meaning of any ASCII (American 
Standard Code for Information Inter- 
change) character, even to the point 
of causing the system to invoke a 

Text continued on page 407 


"interrumt*5» X 


to be tested X 


(БЕТП COUNT (PLUS COUNT 12) X increment the count X 


) 


Listing 5 continued on page 406 
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Listing 5 continued: 


% The next four definitions are helpers to enter the data X 
4 base. IF is the Cromemco and (T.¢L.0)) LISP function FA 
X to define call-bw name» no-sPrread functions. ПЕ defines % 
4 а call-by-value spread function. ^ 


(DF F (X) CFIRST-BORN (CAR X) (CADR X22) 

(OF В (X) (BORN (CAR X) (CAIR X) (CADDR X) (CADDOR Х9)) 
(DF M (X) (MARRIED (CAR X) (CALR Х))) 

(DF C (X) (C-i (CAR X) (CAR X) (СОК X22) 

(DE C-1 ІРІ Ра CS-LIST» 

(COND ((NULL CS-LIST)>) NIL) 


(Т (CONS (BORN (САК CS-LIST) Рі P2 (CADR CS-LIST)) 
(C-1 РЕ P2 (COOR CS-LIST)))))) 


X The following expressions enter the RAGGINS and pA 
% TOOK Ғатіім trees, A 
(MARRIED {Е BALEO-B MALE) Е BERYLLA~BOFFIN FEMALE) 2 


(C BALBO-B BERYLLA~BOFFIN МУМВО-В MALE РАМЗУ-В FEMALE РОМТО-В MALE 
LARGO-B MALE LILY-B FEMALE?) 


(MARRIED (F LAURA-GRURBB FEMALE) (QUOTE MUNGO-B) > 

(C LAURA-GRUBE MUNGO-E BUNGO-E MALE) 

(MARRIED (Е BELLADONNA-TOOK FEMALE) (QUOTE BUNGO-B)) 

(С BELLABONNA-TOON BUNGÜ-R ЕПВО-Е MALE? 

(MARRIED (Е TANTA-HORNBLOWER FEMALE) (BUOTE LARGÜ-E)) 

(C TANTA-HÜRNBLOWER LARGUü-B FOSCO~B MALE) 

(MARRIED (F RUBY-BOLGER FEMALE) (QUOTE FOSCO-E)) 

(С RUBY-BOLGER FOSCO-B DUROGO-B MALE?) 

(MARRIED CF PRIMULA-BRANDYBUCK FEMALE» (QUOTE DROGO-E)) 

(С PRIMULA-BRANINYRBUCK DROGO-B ҒЕОПО-Е MALE) 

(MARRIED (F THE-OLD-TOOK MALE) (F ADAMANTA~CHUBRE FEMALE?) 

(С THE-OLB-TDOK AHAMANTA-CHUBR BELLATONNA-TOOK FEMALE MIRABRELLA~TOOK FEMALE) 
(MARRIED (QUOTE MIRABELLA-TOOK) £F GORBADOC-BRANDYBUCK MALE?) 

(С MIRABELLA-TOOK GORBADOC-BRANDYBUCK PRIMULA-BRANDIY BUCK FEMALE) 
А. 


406  Sipiember 1961 © BYTE Publications Inc 


Text continued from page 405: 


MACRO form when it sees a given 
character. 

Although it is possible to redefine 
the READ function in muLISP, it is 
not as convenient as the read-macro 
capability described above. An exam- 
ple of the usefulness of read-macros 
is: 


'expression 


which, in (T.(L.C)) and Cromemco 
LISP, will be transformed into: 


(QUOTE expression) 


Not only is this not done for you in 
muLISP, it is not easy to change the 
system to do it. 

To overcome the lack of a read- 
macro capability, muLISP provides 
auto-quoting. This means that any 
atom not bound to a value is bound 
to itself as a value. This is normally 
done for numbers (the value of " 3" is 
three), but most LISP systems raise an 
error when asked for the value of an 
undefined atom. The consequences of 
this are discussed further in the sec- 
Hon on error handling. 


Disk О 

Basically, programs are stored on 
disk as text files or "internal image" 
files. Text files here are simply ASCII 
files of function definitions, atom 
values, and function calls in the same 
"free-Format" style used when typing 
at the console. Internal image files are 
"snapshots" of the memory taken at 
the time they were created, including 
all the bindings of values that were in 
effect. muLISP compresses all active 
data structures that define the en- 
vironment and generates a coded file 
that can be loaded with the execution 
system. The other two LISPs take ad- 
vantage of the SAVE utility of CP/M 
and CDOS. They exit to the 
operating system, and the user must 
explicitly SAVE a memory image of 
the entire user area. 

In muLISP, the internal image files 
can also be brought in, using LISP 
functions. Restoring an environment 
in this way is fast, but it will explicitly 
destroy any environment (bindings) 
that were in effect at the time of the 


load. [п the other LISPs, one is 
actually reloading memory with the 
exact contents it had at the time of the 
exit. This, again, is done through 
CP/M or CDOS and cannot be done 
from LISP. 

On the other hand, (T.L.C)) LISP 
and Cromemco LISP both have an 
auto-load feature not available in 
muLISP, This feature, while com- 
plicated to use, allows the program- 
mer to store functions on disk as part 
of a large virtual memory. Functions 
can be stored and loaded only if ac- 
tually needed (called). After the ex- 
ecution of the function, the system 
can reclaim the space it occupied 
(NOKEEP or SMASH), or the func- 
tion can remain resident (KEEP or 
NOSMASH) after its first access. 

Program-controlled [/O in all three 
LISPs is surprisingly easy, partly 
because the LISP language allows the 
programmer to treat programs as 
data. Still, “CP/M-compatible” disk 
I/O is generally a messy subject at 
best, and all three of these LISPs do 
an exceptional job of hiding the gory 
details from the programmer. 


Space Management 

Since data structures in LISP are 
dynamic (ie: their size changes during 
program execution), it is generally a 
good idea to have dynamic realloca- 
tion of memory space in a LISP 
system. This means that there is no 
a priori limit on the number of 
variables, functions, or strings. 
Rather, as more space is needed for 
one kind of object, it is found at the 
expense of space available for other 
kinds of objects. 

Cromemco and (T.(L.C)) LISP ac- 
complish dynamic allocation by a 
technique in which memory is broken 
into 256 pages of 256 bytes each. Any 
of these pages can, in theory, be used 
for storage of any data type, But the 
entire page is always used for the 
same type of object. This scheme has 
two major advantages. First, it 
simplifies type checking. The high 
byte of any object's address defines 
the type of that object as wel! as iden- 
tifying its location. The page-byte-to- 
type correspondence is kept in a table 
in memory. This table allows Юг the 
second advantage. If more space for a 
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given type of object is needed, a page 
of memory is allocated by simply 
changing the entry in the table for 
an unused page. [f, on the other 
hand, an allocated page is made free 
(Бу the garbage-collection process), 
a change to the table allows this 
space to be claimed by another data 


ы UN the stack, which is 
used for both variables and control 
information, must use a contiguous 
area of memory if it is to be fast. This 
means that when the stack is Full the 
system cannot allocate an arbitrary 


free page of memory to the stack. A 
solution to this would be to move 
other data around to free up a page 

adjacent to the stack, But, with the 
pointer conventions discussed above, 
this would be a very messy and time- 
consuming job. Therefore, Cromem- 
co and (T.(L.C)) LISP use a fixed-size 
stack. This decision poses a real prob- 
lem because recursive-style and 
iterative-style programming make 
very different demands on the size of 
the stack. In Fact, curiously, the stack 
size is fixed regardless of the total 
memory size of the system. 
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muLISP uses a truly dynamic 
scheme. At any time, all data types 
аге competing for memory. Аз 
demands for one type increase, the 
other spaces shrink, Because this in- 
cludes the stack, space is better used 
in this system. The cost of this feature 
is, of course, time, The user must 
wait for data areas to be moved 
around during program execution. 
However, we found the time penalty 
to be minimal. 


Linking 

muLISP and Cromemco LISP both 
support user-defined assembly- 
language functions. The current ver- 
sion of (T.(L.C)) LISP apparently 
does not. Assembly-language 
routines allow the user to extend his 
or her LISP system in various ways. 
Special functions can be made to run 
significantly faster, or functions can 
be written to take advantage of 
special hardware such as a color 
graphics screen. 

The Cromemco LISP system gives 
the user extensive, if obtuse, 
documentation and several support 
programs to allow the user to build 
assembly-language routines that are 
linked into the LISP system. Once a 
linked system is created, it can be 
saved as an internal image file and 
then used as the regular LISP system. 

Тһе muLISP solution is less am- 
bitious but still workable. muLISP 
allows up to four assembly-language 
routines to be incorporated into the 
system, The routines must be called 
by jump instructions located in fixed 
addresses in memory, and the bodies 
of the routines must exist in locations 
"invisible" to LISP—that is, above 
the operating system. Since the 
routines are not in the LISP area, sav- 
ing an internal image file of muSTAR 
will not allow the user to reload the 
linked system. Rather, the system 
must be regenerated each time it is 
used. This could be done in a 
straightforward way using a CP/M 
command file. 


User Environment 

muLISP exhibits an approach to 
the environment presented by the 
LISP system that differs from the 


other two LISPs. One example of this 
is the idea of having a separate 
development environment as well as 
an execution environment, А 
development environment supports 
editing and debugging of functions 
(programs) in an interactive setting. 
While development and testing can be 
done in muLISP's execution system, 
there are no facilities to make this 
easy. Another example of the dif- 
ference is the related stance on error 
handling, which is discussed below, 

The development subsystem, 
muSTAR, is an internal image Ве 
which is delivered with the muLISP 
system. (It is an application program 
written in LISP.) muSTAR is a menu- 
based program that allows for the 
user to pick any of the following 
options: 


e Edit Function 

è Edit Variable 

è Edit Property 

e Eval LISP 

è Eval-Quote LISP 
e Trace Function 
eUntrace Function 
e Read File 

e Write File 
eSelect Drive 


Menu-based systems are generally 
designed to be used with video ter- 
minals. This one is no exception: it is 
a joy on the screen of a 9600 bps ter- 
minal and very frustrating on a 300 
bps DECwriter. 

The editor that comes with 
muSTAR is a flexible screen editor in- 
tended to be adaptable to any type of 
video terminal. Unfortunately, the 
"interrupt execution" character, 
Escape, is used by some terminals for 
cursor control. Since Escape is 
detected at a very low level in the 
system, there is no way to tailor the 
screen editor to use these terminals. 
Unlike some LISP "structure" editors 
that use atoms and expressions as the 
units to be modified, the muSTAR 
editor is a conventional character- 
oriented screen editor; however, it is 
convenient and easy to use. When 
functions are being edited, the text is 
pretty-printed to make it easier to 
read and edit, 

The Trace and Untrace facilities 


allow the user to specify to the 
muSTAR system that when a given 
function is called the system should 
print its arguments before the execu- 
tion of the function and the result 
afterward. This is the single most im- 
portant tool for the user in the pro- 
cess of debugging and developing 
programs. 

Read and Write are for text files 
and assume a CP/M file extension of 
" LIB". The files can be created either 
by muSTAR or by an external editor, 
Read works in the obvious way. 
Write, however, writes out only func- 
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tions and variables whose names ap- 
pear on the property list of the atom 
that is the name of the file. While this 
can be done using the Edit Property 
function of muSTAR, it is easy to 
forget to add new function names 
during a session and thus lose your 
work when you exit the muSTAR 
system. 

The error-handling facility іп 
muLISP is virtually nonexistent. The 
three "advisory" messages: ZERO 
DIVIDE ERROR, END-OF-FILE 
READ, and NO DISK SPACE are 
printed at the console, and the 
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offending primitive function is forced 
to return NIL. Execution of the rest of 
the user function proceeds, according 
ta the manual, "normally." The only 
error that causes termination of ex- 
ecution is INSUFFICIENT MEMORY 
SPACE. When execution stops, as 
when the Escape key is typed, the 
user has four options. He or she can 
continue execution, go back to the 
top-level driver, restart muLISP, or 
go back to the CP/M system. Unfor- 
tunately, the user cannot examine the 
functions or arguments that caused 
the problem. 


Model II 64K $3395 
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Because of the auto-quoting and 
implicit-sequence-evaluation features 
of the system, there are no other 
errors that can occur during program 
execution. In fact, since evaluation of 
any syntactically legal expression is 
defined, and the input routines for the 
driver loop ensure that only legal ex- 
pressions are read in, the user cannot 
cause any error other than the ones 
listed above. 

Although this may be an elegant 
concept, it makes debugging 
awkward at best and virtually im- 
possible at worst except for the Trace 
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option available in muSTAR. Since 
this is not available in the core 
muLISP system, you would always 
do development in muSTAR. 

Cromemco LISP and (T.(L.C)) 
LISP take a more traditional attitude 
to the user environment and error 
handling, Errors are flagged in rnany 
situations, In particular, the errors 
UNDEFINED VARIABLE and 
WRONG NUMBER OF 
ARGUMENTS, as well as data-type 
violations, are checked for during 
program evaluation, The characters 
С, Contrel-G, and Bell act like the 
Escape key in muLISP to end execu- 
tion of user functions. м addition, 
the function ERROR can be called by 
a function at any time. 

Once an error occurs, evaluation 
stops, a message is printed, and the 
user has several options. He or she 
can examine the function or 
arguments that caused the error, trace 
the execution stack back through all 
the nested calls, or "pop" up the stack 
(to the top or any intermediate place) 
giving a return value for the function 
that was called at that level, 
Although these functions are a good 
idea, they are poorly explained in the 
manual. 


Documentation, Library Software 

We were very pleased with the 
quality of the documentation for all 
three LISPs, Because Cromemco and 
(T.(L.C)) LISP are just different ver- 
sions of the same program, the two 
user's manuals are almost identical. 
These manuals begin with a long 
discussion of LISP style and 
philosophy and include a discussion 
of how to code a recursive descent 
parser in LISP. This background in- 
formation is quite good and will be a 
great help to a beginner. Most of the 
function descriptions include an il- 
lustrative example. The Cromemco 
LISP manual adds a section on the in- 
ternal representation of data struc- 
tures and gives information needed to 


link to  assembly-language 
subroutines. The (T.(L.C)) LISP 
manual includes some annotated 


LISP examples adapted from Ar- 
tificial Intelligence Programming (see 
the “Where to Learn LISP” text box 
for a description of this book and 


other useful LISP information). These 
examples are prefaced by a discussion 
of the differences between (T.(L.C)) 
LISP and the LISP used in Artificial 
Intelligence Programming. We found 
this discussion quite useful. Both 
manuals are about 135 pages long. 

The muLISP manual, which is 
about 100 pages long, is shorter and 
terser, but of high quality. This 
manual gives a limited amount of 
background information. The func- 
tion descriptions are in a formal 
metalanguage that is complete but 
often obscure. These descriptions 
would be much clearer if they includ- 
ed examples. The manual includes 
commented listings of many useful 
utilities and the muSTAR develop- 
ment environment, and they will be 
quite useful for users who wish to 
tailor their LISP environment. In par- 
ticular, there are instructions for 
tailoring the muLISP screen editor to 
different kinds of terminals. 

Cromemco LISP is distributed with 
a fairly complete set of Cromemco 
software, including the CDOS 
operating system, several CDOS 
utilities, and a screen editor. Unfor- 
tunately, the screen editor can only 
be used with a Cromemco terminal. 
This is downright unfriendly of 
Cromemco, particularly since it is 
trivial to provide the "hooks" to do 
screen editing with almost any 
modern terminal. Also provided are 
files with LISP utilities, a trace func- 
tion, a pretty-printer program, ex- 
amples from Artificial Intelligence 
Programming, and examples of the 
more esoteric features of Cromemco 
LISP. 

(T.(L.C)) LISP is distributed with 
the same example and utility files as 
Cromemco LISP. Also included are 
several additional files of examples. 

muLISP is distributed with the 
muSTAR utility and the other utilities 
described in the manual. Also includ- 
ed are several games and programs, 
including a version of Weizenbaum's 
ELIZA, called DOCTOR, and a 
guessing game which learns, called 
ANIMAL. 

muLISP has the beginnings of an 
active user group and software 
library, Information about the user 


group and the software is published 
in a small newsletter available to 
muLISP purchasers. (T,(L.C)} LISP 
purchasers also receive a newsletter, 
though it is less formal and less 
regular, Ás of now, there is no 
(T .(L.C)) LISP users’ group. 


Conclusions 

e Cromemco and (T.(L.C)) LISP have 
many modern features, yet they still 
run acceptably fast. The auto-load 
feature potentially allows very large 
programs to run in a virtual-memory 
environment. The documentation is 


quite good and would be useful for 
LISP beginners. Cromemco LISP also 
includes information that would be 
useful to someone adding his or her 
own machine-language subroutines. 
A major drawback of these LISPs is a 
small, fixed-sized stack that severely 
limits the use of recursive functions. 
(T.(L.C)) LISP is the cheapest of the 
LISPs reviewed here—$150, 
Cromemco LISP, with only a small 
amount of additional functionality, is 
the most expensive—$295. 

emuLISP is an extremely fast LISP 
with a complete but basic set of 
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features. ]t is distributed with 
muSTAR, a nice LISP development 
environment that includes a screen 
editor. The documentation is good, 
but it is too terse and formal for 
beginners, Much of the speed of 
muLISP comes from features that 
make programs hard to read and hard 
to debug. In particular, muLISP does 
almost no type checking or error 
detection. 

eLISP is alive and well and living іп а 
Z80 microprocessor. Although there 
are great differences between muLISP 
and the other two packages, we feel 
that all three are successful products. 
Each would allow a user to develop 
and use fairly large LISP programs. № 
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Where to learn LISP: 
Recommended Books and Articles 


1.Allen, J. Anatomy of LISP, New 
York: McGraw-Hill Book Со, 1978. 
An examination of many issues in 
computer science through LISP-tinted 
spectacles. This is also the only 
published discussion of many modern 
LISP implementation techniques and 
styles, 

2.АПеп, J. “An Overview of LISP” in 
BYTE, August 1979, page 10. A com- 
pact overview to LISP style and usage. 
АП the important LISP functions аге 
discussed. The most difficult aspect of 
learning LISP is understanding exactly 
when and how values get bound to 
names. These issues are not discussed, 
3.Charniak, Eugene, Christopher 
Riesback, and Drew McDermott, Ar- 
tificial Intelligence Programming. 
Hilisdale NJ: Lawrence Erlbaum 
Associates, 1979. A very complete in- 
traduction to sophisticated uses of 
LISP for АГ programming. The first 
few chapters do a good job of explain- 
ing the name-value-binding issues. 


4.Friedman, Daniel. The Little LISPer. 
London, England: Science Research 
Associates Inc, 1974. An entertaining 
introduction to the style of LISP pro- 
gramming. This book does not cover 
everything you need to know to use 
LISP on a real machine. It, again, 
avoids key issues of how and when 
LISP names get values. 

5.McCarthy, John. “Recursive Func- 
tions of Symbolic Expressions and 
Their Computation by Machine,” 
Communications of the Assoctation 
for Computing Machinery, pages 184 
through 195, April 1960. This is where 
it all started, the article that suggested 
that the mathematical lambda calculus 
could be embodied in a programming 
language. | 
6,Winston, Patrick Henry. Artificial 
Intelligence. Reading MA: Addison- 
Wesley, 1977. An easily understood in- 
troduction to А] and Al programming. 
7.Winston, Patrick Henry and Ber- 
thold Klaus Horn. LISP. Reading МА: 
Addison-Wesley, 1981, À pleasant, 
chatty introduction to LISP, 
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has caused the company to stop work on 
the interpreter for 8-bit microcomputers. 
The company still plans to develop a 
16-bit version, 


BYTE's Bugs 


Price Mis-Steak 


In the April 1981 "Software Received," 
the price of the "Beef Cattle Least-Cost 
Ration Program" was incorrectly fisted. 
The correct price is $495. А demonstra- 
tion tape of the program ís available for 
$5. 

For information on the program, con- 
tact Agricultural Software Consultants, 
1706 Santa Fe, Kingsville TX 78363 (512) 
595-1937.8 
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The Emperor's Old Clothes 


Charles Antony Richard Hoare 
Oxford University, England 


The 1980 ACM Turing Award was pre- 
sented to Charles Antony Richard Hoare, 
Professor of Computation at Oxford 
University, England, by Walter Carlson, 
chairman of the awards committee. The 
presentation took place at the ACM An- 
nual Conference in Nashville, Tennessee, 
October 27, 1980. 

Professor Hoare was selected by the 
General Technical Achtevement Award 
Committee for his fundamental contribu- 
tions to the definition and design of pro- 
gramming languages. His work is charac- 
terized by an unusual combination of in- 
sight, originality, elegance, and impact, 
He is best known for his work on axio- 
matic definitions of programming lan- 
guages through the use of techniques pop- 
ularly referred to as axiomatic semantics. 
He developed ingenious algorithms such 
as Quicksort and was responsible for in- 
venting and promulgating advanced data- 
structuring techniques in scientific рға- 
gramming languages. He has also made 
important contributions to operating sys- 
tems through the study of monitors, and 
his most recent work 15 on communicating 
sequential processes. 

Befare his appointment to Oxford in 
1977, Professor Hoare was Professor of 
Computer Science at The Queen's Univer- 
sity in Belfast, Ireland, from 1968 to 1977, 
and was a Visiting Professor at Stanford 
University in 1973. From 1960 to 1968 he 
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Professor Charles Antony Richard Hoare 


held a number of positions with Elliot 
Brothers Ltd, England, 

Professor Hoare has published exten- 
sively and is on the editorial boards of a 
number of the world's foremast computer 
science Journals, іп 1973 he received the 
ACM Programming Systems and Lan- 
guages Paper Award. Professor Hoare 
became a Distinguished Fellow of the 
British Computer Society in 1978 and was 
awarded the degree of Doctor of Science 
Honoris Causa by the University of 
Southern California in 1979, 

The Turing Award is the Association 
for Computing Machinery's highest 
ашаға for technical contributions to the 
computing community. it is presented 
each year in memory of Dr A M Turing, 
an English mathematician who made 
many important contributions to the com- 
puting sciences, 

A transcript of Professor Hoare's 1980 
Turing Award Lecture fallows. 


My first and most pleasant duty in 
this lecture is to express my profound 
gratitude to the Association for Com- 
puting Machinery for the great honor 
which they have bestowed on me and 
for this opportunity to address you 
on a topic of my choice. What a dif- 
ficult choice it 151 My scientific 
achievements, so amply recognized 
by this award, have already been 
amply described in the scientific 
literature. [nstead of repeating the 
abstruse technicalities of my trade, | 
would like to talk informally about 
myself, my personal experiences, my 
hopes and fears, my modest suc- 
cesses, and my rather less modest 
failures. І have learned more from my 
failures than can ever be revealed in 
the cold print of a scientific article, 
and now | would like you to learn 
from them, too. Besides, failures are 
much more fun to hear about after- 
wards; they are not so funny at the 
time. 

I start my story in August 1960, 
when I became a programmer with a 
small computer manufacturer, a divi- 
sion of Elliott Brothers (London) Ltd, 
where in the next eight years I was to 
receive my primary education in 
computer science. My first task was 
to implement for the new Elliot 803 
computer a library subroutine for a 
new fast method of internal sorting 
just invented by Shell. 1 greatly en- 
joyed the challenge of maximizing ef- 
ficiency in the simple decimal-ad- 


dressed machine code of those days. 
My boss and tutor, Pat Shackleton, 
was very pleased with my completed 
program, I then said timidly that І 
thought I had invented a sorting 
method that would usually run faster 
than SHELLSORT, without taking 
much extra store. He bet me sixpence 
that I had not. Although my method 
was very difficult to explain, he final- 
ly agreed that I had won my bet. 

[ wrote several other tightly coded 
library subroutines, but after six 
months I was given a much more im- 
portant task—that of designing a new 
advanced high-level programming 
language for the company's next com- 
puter, the Elliott 503, which was to 


have the same instruction code as the 
existing 803 but run sixty times faster, 
In spite of my education in classical 
languages, this was a task for which I 
was even less qualified than those 
who undertake it today. By great 
good fortune there came into my 
hands a copy of the Report on the In- 
ternational Algorithmic Language 
ALGOL 60, Of course, this language 
was obviously too complicated for 
our customers. How could they ever 
understand all those begins and ends 
when even our salesmen couldn't? 
Around Easter 1961, a course on 
ALGOL 60 was offered in Brighton, 
England, with Peter Naur, Edsger W 
Dijkstra, and Peter Landin as tutors. | 


attended this course with my col- 
league in the language project, Jill 
Pym, our divisional Technical 
Manager, Roger Cook, and our Sales 
Manager, Paul King. It was there that 
I first learned about recursive proce- 
dures and saw how to program the 
sorting method which I had earlier 
found such difficulty in explaining. It 
was there that I wrote the procedure, 
immodestly named Quicksort, on 
which my career as a computer scien- 
tist is Founded. Due credit must be 
paid to the genius of the designers of 
ALGOL 60 who included recursion in 
their language and enabled me to 
describe my invention so elegantly to 
the world. I have regarded it as the 
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highest goal of programming lan- 
guage design to enable good ideas to 
be elegantly expressed. 

After the ALGOL course in 
Brighton, Roger Cook was driving 
me and my colleagues back to Lon- 
don when he suddenly asked, "In- 
stead of designing a new language, 
why don't we just implement ALGOL 
601” We all instantly agreed—in 
retrospect, a very lucky decision for 
me. But we knew we did not have the 
skill or experience at that time to 
implement the whole language, 50 1 
was commissioned to design a modest 
subset, In that design I adopted cer- 
tain basic principles which I believe to 


be as valid today as they were then. 


Principles of Design 

The first principle was security, the 
principle that every syntactically in- 
correct program should be rejected by 
the compiler and that every syntac- 
tically correct program should give а 
result or an error message that was 
predictable and comprehensible in 
terms of the source language program 
itself. Thus no core dumps should 
ever be necessary. It was logically irn- 
possible for any source language pro- 
gram to cause the computer to run 
wild, either at compile time or at run 
time. À consequence of this principle 
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is that every occurrence of every sub- 
script of every subscripted variable 
was on every occasion checked at run 
time against both the upper and the 
lower declared bounds of the array. 
Many years later we asked our cus- 
tomers whether they wished us to 
provide an option to switch off these 
checks in the interests of efficiency on 
production runs, Unanimously, they 
urged us not to—they already knew 
how frequently subscript errors occur 
on production runs where failure to 
detect them could be disastrous. I 
note with fear and horror that even in 
1980, language designers and users 
have not learned this lesson. In any 
respectable branch of engineering, 
failure to observe such elementary 
precautions would have long been 
against the law. 

The second principle in the design 
of the implementation was brevity of 
the object code produced by the com- 
piler and compactness of run time 
working data. There was a clear 
reason for this: the size of main stor- 
age on any computer is limited, and 
its extension involves delay and ex- 
pense. А program exceeding the limit, 
even by one word, is impossible to 
run, especially since many of our cus- 
tomers did not intend to purchase 
backing stores. 

This principle of compactness of 
object code is even more valid today, 
when processors are trivially cheap in 
comparison with the amounts of 
main store they can address, and 
backing stores are comparatively 
even more expensive and slower by 
many orders of magnitude. If as a 
result of care taken in implementation 
the available hardware remains more 
powerful than may seem necessary 
for a particular application, the appli- 
cations programmer can nearly 
always take advantage of the extra 
capacity to increase the quality of his 
program, its simplicity, its rugged- 
ness, and its reliability. 

The third principle of our design 
was that the entry and exit conven- 
tions for procedures and functions 
should be as compact and efficient as 
for tightly coded machine-code sub- 
routines. І reasoned that procedures 
are one of the most powerful features 
of a high-level language, in that they 


both simplify the programming task 
and shorten the object code. Thus 
there must be no impediment to their 
frequent use. 

The fourth principle was that the 
compiler should use only a single 
pass. The compiler was structured as 
a collection of mutually recursive 
procedures, each capable of analyz- 
ing and translating a major syntactic 
unit of the language—a statement, an 
expression, a declaration, and so оп, 
it was designed and documented іл 
ALGOL 60, and then coded into deci- 
mal machine code using an explicit 
stack for recursion. Without the 
ALGOL 60 concept of recursion, at 
that time highly controversial, we 
could not have written this compiler 
at all. 

I can still recommend single-pass, 
top-down recursive descent both as 
an implementation method and as a 
design principle for a programming 
language. First, we certainly want 
programs to be read by people, and 
people prefer to read things once in a 
single pass. Second, for the user of a 
time-sharing or personal computer 
system, the interval between typing 
in a program (or amendment) and 
starting to run that program is wholly 
unproductive. It can be minimized by 
the high speed of a single-pass com- 
piler, Finally, to structure a compiler 
according to the syntax of its input 
language makes a great contribution 
to ensuring its correctness, Unless we 
have absolute confidence in this, we 
can never have confidence in the re- 
sults of any of our programs, 


Principles at Work 

To observe these four principles, 1 
selected a rather small subset of 
ALGOL 60. As the design and imple- 
mentation progressed, І gradually 
discovered methods of relaxing the 
restrictions without compromising 
any of the principles. So in the end we 
were able to implement nearly the full 
power of the whole language, includ- 
ing even recursion, although several 
features were removed and others 
were restricted. 

In the middle of 1963, primarily as 
a result of the work of Jill Pym and 
Jeff Hillmore, the first version of our 
compiler was delivered, After a few 


months we began to wonder whether 
anyone was using the language or 
taking any notice of our occasional 
reissue, incorporating improved op- 
erating methods. Only when a 
customer had a complaint did he con- 
tact us, and many of them had no 
complaints. Our customers have now 
moved on to more madern computers 
and more fashionable languages, but 
many have told me of their fond 
memories of the Elliott ALGOL Sys- 
tem. The fondness is not due just to 
nostalgia, but to the efficiency, re- 
liability, and convenience of that 
early simple ALGOL System. 

As a result of this work on 
ALGOL, in August 19621 was invited 
to serve on the new Working Group 
2.1 of the International Federation of 
Information Processors (IFIP) charged 
with responsibility for maintenance 
and development of ALGOL. The 
group's first main task was to design a 
subset of the language which would 
remove some of its less successful fea- 
tures. Even in those days and even 
with such a simple language, we rec- 
ognized that a subset could be an im- 
provement on the original. I greatly 
welcomed the chance of meeting and 
hearing the wisdom of many of the 
original language designers. І was 
astonished and dismayed at the heat 
and even rancor of their discussions. 
Apparently the original design of 
ALGOL 60 had not proceeded in that 
spirit of dispassionate search for truth 
which the quality of the language had 
led me to suppose, 

In order to provide relief from the 
tedious and argumentative task of de- 
signing a subset, the working group 
allocated one afternoon to discussing 
the features that should be incor- 
porated in the next design of the lan- 
guage. Each member was invited to 
suggest the improvement he consid- 
ered most important, On October 11, 
1963, my suggestion was ta pass on a 
request of our custorners to relax the 
ALGOL 60 rule of compulsory decla- 
ration of variable names and adopt 
some reasonable default convention 
such as that of FORTRAN. I was 
astonished by the polite but firm re- 
jection of this seemingly innocent 
suggestion. It was pointed out that 
the redundancy of ALGOL 60 was the 
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best protection against programming 
and coding errors which could be ex- 
tremely expensive to detect in a run- 
ning program and even more expen- 
sive not to. The story of the Mariner 
space rocket to Venus, lost because of 
the lack of compulsory declarations 
in FORTRAN, was not to be pub- 
lished until later. 1 was eventually 
persuaded of the need to design pro- 
gramming notations so as to max- 
imize the number of errors which can- 
nat be made, or if made, сап be re- 
liably detected at compile time. 
Perhaps this would make the text of 


programs longer. Never mindl 
Wouldn't you be delighted if your 
Fairy Godmother offered to wave her 
wand over your program to remove 
all its errors and only made the condi- 
tion that you should write out and 
key in your whole program three 
times? The way to shorten programs 
is to use procedures, not to omit vita] 
declarative information. 

Among the other proposals for the 
development of a new ALGOL was 
that the Switch declaration of 
ALGOL 60 should be replaced by a 
more general feature, namely an ar- 
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ray of label-valued variables, and 
that a program should be able to 
change the values of these variables 
by assignment. I was very much op- 
posed to this idea, similar to the 
assigned Go To of FORTRAN, 
because 1 had found a surprising 
number of tricky problems in the im- 
plementation of even the simple 
labels and switches of ALGOL 60. 1 
could see even more problems in the 
new feature, including that of jump- 
ing back into a block after it had been 
exited, 1 was also beginning to suspect 
that programs that used a lot of labels 
were more difficult to understand and 
get correct, and that programs that 
assigned new values to label variables 
would be even more difficult still, 

It occurred to me that the appro- 
priate notation to replace the ALGOL 
60 switch should be based on that of 
the conditional expression oF ALGOL 
60, which selects between two alter- 
native actions according to the value 
of a Boolean expression. So I sug- 
gested the notation for a "case ex- 
pression" which selects between any 
number of alternatives according to 
the value of an integer expression. 
That was my second language design 
proposal. І am still most proud of it, 
because it raises essentially no prob- 
lems either for the implementer, the 
programmer, or the reader of a pro- 
gram. Now, after more than fifteen 
years, there is the prospect of interna- 
tional standardization of a language 
incorporating this notation—a re- 
markably short interval compared 
with other branches of engineering. 

Back again to my work at Elliott. 
After the unexpected success of our 
ALGOL Compiler, our thoughts 
turned to a more ambitious project: 
to provide a range of operating 
system software for larger configura- 
tions of the 503 computer, with card 
readers, line printers, magnetic tapes, 
and even a core backing store which 
was twice as cheap and twice as large 
as the main store, but fifteen times 
slower. This was to be known as the 
Elliott 503 Mark II software system. 
It comprised: 

1. An assembler for a symbolic 
assembly language in which all the 
rest of the software was to be written. 

2. A scheme for automatic ad- 


ministration of code and data 
overlays, either from magnetic tape 
or from core backing store. This was 
ta be used by the rest of the software. 

3. А scheme for automatic buffer- 
ing of all input and output on any 
available peripheral device, again to 
be used by ail the other software. 

4. А filing system on magnetic 
tape with facilities for editing and jab 
control, 

5. A completely new implementa- 
tion of ALGOL 60, which removed 
all the nonstandard restrictions which 
we had imposed on our first im- 
plementation. 

6. А compiler for FORTRAN as it 
was then. 


Deadline Pressures 

[ wrote documents which described 
the relevant concepts and facilities, 
and we sent them to existing and pro- 
spective customers. Work started 
with a team of fifteen programmers, 
and the deadline for delivery was set 
some eighteen months ahead, in 
March 1965. After initiating the 
design of the Mark II software, [ was 
suddenly promoted to the dizzying 
rank of Assistant Chief Engineer, 
responsible for advanced develop- 
ment and design of the company's 
products, both hardware and soft- 
Ware, 

Although I was still managerially 
responsible for the 503 Mark II soft- 
ware, I gave it less attention than the 
company’s new products and almost 
failed to notice when the deadline for 
its delivery passed without event. The 
programmers revised their implemen- 
tation schedules, and a new delivery 
date was set some three months 
ahead, in June 1965, Needless to say, 
that day also passed without event, 
By this time, our customers were get- 
ting angry and my managers in- 
structed me to take personal charge of 
the project. I asked the senior pro- 
grammers once again to draw up 
revised schedules, which again 
showed that the software could be 
delivered within another three 
months. I desperately wanted to 
believe it, but I just could not. I 
disregarded the schedules and began 
to dig more deeply into the project. 

It turned out that we had failed to 


make any overall plans for the alloca- 
tion of our most limited resource— 
main storage. Each programmer ex- 
pected this to be done automatically, 
either by the symbolic assembler or 
by the automatic overlay scheme, 
Even worse, we had failed to simply 
count the space used by our own soft- 
ware which was already Filling the 
main store of the computer, leaving 
no space for our customers to run 
their programs. Hardware address 
length limitations prohibited adding 
more main storage. 

Clearly, the original specifications 
of the software could not be met and 
had to be drastically curtailed, Ex- 
perienced programmers and even 
managers were called back from 
other projects. We decided to concen- 
trate first on delivery of the new com- 
piler for ALGOL 60, which careful 
calculation showed would take 
another four months. I impressed 
upon all the programmers involved 
that this was no longer just a predic- 
tion; it was a promise. If they found 
they were not meeting their promise, 
it was their personal responsibility to 
find ways and means of making 
good, 

The programmers responded 
magnificently to the challenge. They 
worked nights and days to ensure 
completion of all those items of soft- 
ware which were needed by the 
ALGOL compiler. To our delight, 
they met the scheduled delivery date; 
it was the first major item of working 
software produced by the company 
over a period of two years. 

Our delight was short-lived; the 
compiler could not be delivered. Its 
speed of compilation was only two 
characters per second, which com- 
pared unfavorably with the existing 
version of the compiler operating at 
about а thousand characters per sec- 
ond, We soon identified the cause of 
the problem: it was thrashing be- 
tween the main store and the exten- 
sion core backing store which was fif- 
teen times slower, It was easy to 
make some simple improvements, 
and within a week we had doubled 
the speed of compilation to four char- 
acters per second. In the next two 
weeks of investigation and repro- 
gramming, the speed was doubied 


again to eight characters per second, 
We could see ways in which within a 
month this could be still further im- 
proved, but the amount of repro- 
gramming required was increasing 
and its effectiveness was decreasing; 
there was an awful long way to go. 
The alternative of increasing the size 
of the main store so frequently 
adopted in later failures of this kind 
was prohibited by hardware address- 
ing limitations. 

There was no escape: the entire 
Elliott 503 Mark Ц software project 
had to be abandoned, and with it, 
over thirty man-years of program- 
ming effort, equivalent to nearly one 
man's active working life. And I was 
responsible, both as designer and as 
manager, for wasting it. 

А meeting of all our 503 customers 
was called and Roger Cook, who was 
then manager of the computing divi- 
sion, explained іс them that not a 
single word of the long-promised 
software would ever be delivered to 
them. He adopted а very quiet tone of 
delivery, which ensured that none of 
the customers could interrupt, mur- 
mur in the background, or even shuf- 
Не in their seats. I admired but could 
not share his calm, Over lunch our 
customers were kind to try to comfort 
me. They had realized long ago that 
software to the original specifications 
could never have been delivered, and 
even iF it had been, they would not 
have known how to use its sophisti- 
cated features, and anyway many 
such large projects get cancelled 
before delivery. Іп retrospect, I 
believe our customers were fortunate 
that hardware limitations had pro- 
tected them from the arbitrary ex- 
cesses of our software designs. In the 
present day, users of microprocessors 
benefit from a similar protection— 
but not for much longer, 

At that time I was reading the early 
documents describing the concepts 
and Features of the newly announced 
OS 360, and of a new time-sharing 
project called Multics, These were far 
more comprehensive, elaborate, and 
sophisticated than anything І had 
imagined, even in the first version of 
the 503 Mark П software. Clearly 
IBM and MIT must be possessed of 
some secret of successful software de- 
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sign and implementation whose 
nature I could not even begin to guess 
at, It was only later that they realized 
they could not either. 

So I still could not see how I had 
brought such a great misfortune upon 
my company, At the time 1 was сол- 
vinced that ту managers were plan- 
ning to dismiss me. But no, they were 
intending a far more severe punish- 
ment, "OK, Tony," they said. "You 
got us into this mess, and now you're 
going to get us out." 

"| don't know how," I protested, 
but their reply was simple. "Well 
then, you'll have to find out." They 
even expressed confidence that 1 
could do so. 1 did not share their con- 
fidence. I was tempted to resign. It 
was the [uckiest of all my lucky 
escapes that 1 did not. 

Of course, the company did every- 
thing they could to help me. They 
took away my responsibility for 
hardware design and reduced the size 
of my programming teams, Each of 
my managers explained carefully his 
own theory of what had gone wrong, 
and ail the theories were different. At 
last, there breezed into my office the 
most senior manager of all, a general 
manager of our parent company, An- 
drew St. Johnston. 1 was surprised 
that he had even heard of me. "You 
know what went wrong?” he shouted 
(he always shouted). "You let your 
programmers do things which you 
yourself do not understand." I stared 
in astonishment. He was obviously 
out of touch with present-day 
realities. How could one person ever 
understand the whole of a modern 
software product like the Elliott 503 
Mark Il software system? 

I realized later that he was ab- 
solutely right; he had diagnosed the 
true cause of the problem and he had 
planted the seed of its later solution. 


Defining the Problems 

1 still had a team of some forty pro- 
grammers. We needed to retain the 
goodwill of customers of our new 
machine and even regain the con- 
fidence of the customers for our old 
one. But what should we actually 
plan to do when we knew only one 
thing—that ail our previous plans 
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had failed? I therefore called an all- 
day meeting of our senior program- 
mers on October 22, 1965, to thrash 
out the question among us. I still have 
the notes of that meeting. We first 
listed the recent major grievances of 
our customers: cancellation of prod- 
ucts, failure to meet deadlines, ex- 
cessive size of software "not justified 
by the usefulness of the facilities pro- 
vided," excessively slow programs, 
failure to take account of customer 
feedback. "Earlier attention paid to 
quite minor requests of our customers 
might have paid as great dividends of 
goodwill as the success of our most 
ambitious plans," we concluded, 

We then listed our own grievances; 
lack of machine time for program 
testing, unpredictability of machine 
time, lack of suitable peripheral 
equipment, unreliability of the hard- 
ware even when available, dispersion 
of programming staff, lack of equip- 
ment for keypunching of programs, 
lack of firm hardware delivery dates, 
lack of technical writing effort for 
documentation, lack of software 
knowledge outside the programming 
group, interference from higher 
managers wha imposed decisions 
without a full realization of the more 
intricate implications of the matter, 
and overoptimism in the face of 
pressure from customers and the sales 
department. 


But we did not seek to excuse our 
failure by these grievances. For exam- 
ple, we admitted that it was the duty 
of programmers to educate their 
managers and other departments of 
the company by presenting the neces- 
sary information in a simple palatable 
form. The hope “that deficiencies in 
original program specifications could 
be made up by the skill of a technical 
writing department...was misguided. 
The design of a program and the 
design of its specification must be 
undertaken in parallel by the same 
person, and they must interact with 
each other. A lack of clarity in speci- 
fication is one of the surest signs of a 
deficiency in the program it describes, 
and the two faults must be removed 
simultaneously before the project is 
embarked upon." I wish I had fol- 
lowed this advice іл 1963; І wish we 
all would follow it today. 


My notes of the proceedings of that 
day in October 1965 include a com- 
plete section devoted to failings 
within the software group; this sec- 
tion rivals the most abject self- 
abasement of a revisionist official in 
the Chinese cultura) revolution. Our 
main failure was overambition. “The 
goals which we have attempted have 
obviously proved to be far beyond 
our grasp." There was also failure in 
prediction, in estimation of program 
size and speed, of effort required, in 
planning the coordination and in- 
teraction of programs, in providing 
an early warning that things were go- 
ing wrong. There were faults in our 
contro] of program changes, docu- 
mentation, liaison with other depart- 
ments, with our management, and 
with our customers, We failed in giv- 
ing clear and stable definitions of the 
responsibilities of individual pro- 
grammers and project leaders. Oh, 
need I go on? What was amazing was 
that a large team of highly intelligent 
programmers could labor so hard and 
so long on such an unpromising proj- 
ect. You know, you shouldn't trust us 
intelligent programmers. We can 
think up such good arguments for 
convincing ourselves and each other 
of the utterly absurd. Especially don't 
believe us when we promise to repeat 
an earlier success, only bigger and 
better next time, 

The last section of our inquiry into 
the failure dealt with the criteria of 
quality of software. "In the recent 
struggle to deliver any software at all, 
the first casualty has been considera- 
tion of the quality of the software 
delivered, The quality of software is 
measured by a number of totally in- 
compatible criteria, which must be 
carefully balanced in the design and 
implementation of every program." 
We then made a list of no less than 
seventeen criteria which has been 
published in a guest editorial in 
Volume 2 of the journal Software 
Practice and Experience. 


Recovery Period 

How did we recover from the 
catastrophe? First, we classified our 
503 customers into groups, according 
to the nature and the size of the hard- 


ware configurations which they had 
bought. For example, those with 
magnetic tapes were all in one group. 
We assigned to each group of custom- 
ers a small team of programmers and 
told the team leader to visit the 
customers to find out what they 
wanted, to select the easiest request to 
fulfill, and to make plans (but not 
promises) to implement it, In no case 
would we consider a request for a 
feature that would take more than 
three months to implement and de- 
liver. The project leader would then 
have to convince me that the 
customers request was reasonable, 
that the design of the new feature was 
appropriate, and that the plans and 
schedules for implementation were 
realistic. Above all, I did not allow 
anything to be done which I did not 
myself understand. И worked! The 
software requested began to be 
delivered on the promised dates. 
With an increase in our confidence 
and that of our customers, we were 
able to undertake fulfilling slightly 
more ambitious requests. Within a 
year, we had recovered from the 
disaster. Within two years, we even 
had some moderately satisfied 
customers. 

Thus we muddled through by com- 
mon sense and compromise to some- 
thing aproaching success. But I was 
not satisfied. I did not see why the 
design and implementation of an op- 
eraling system should be so much 
more difficult than that of a compiler. 
This is the reason why І have devoted 
my later research to problems of 
parallel programming and language 
constructs which would assist in clear 
structuring of operating systems— 
constructs such as monitors and com- 
municating processes. 

While I was working at Elliott, ] 
became very interested in techniques 
for formal definition of programming 
languages, At that time, Peter Landin 
and Christopher Strachey proposed 
to define a programming language in 
a simple functional] notation that 
specified the effect of each command 
on a mathematically defined abstract 
machine, [ was not happy with this 
proposal because I feit that such a 
definition must incorporate a number 
of fairly arbitrary representation 


decisions and would not be much 
simpler in principle than an imple- 
mentation of the language for a real 
machine, As an alternative, I pro- 
posed that a programming language 
definition should be formalized as a 
set of axioms, describing the desired 
properties of programs written in the 
language. 1 felt that carefully formu- 
lated axioms would leave an imple- 
mentation Ше necessary freedom to 
implement the language efficiently on 
different machines and enable the 
programmer to prove the correctness 
of his programs. 

But I did not see how to actually do 
it. I thought that it would need 
lengthy research to develop and 
apply the necessary techniques, and 
that a university would be a better 
place to conduct such research than 
industry, So I applied for a chair in 
Computer Science at the Queen's 
University of Belfast, where І was to 
spend nine happy and productive 
years. In October 1968, as І unpacked 
my papers in my new home in Bel- 
fast, I came across an obscure reprint 


of an article by Bob Floyd entitled, 
"Assigning Meanings to Programs." 
What a stroke of luck! At last I could 
see a way to achieve my hopes for my 
research. Thus I wrote my first paper 
on the axiomatic approach to com- 
puter programming, published in the 
Communications of the ACM in 
October 1969, 

Just recently, I have discovered 
that an early advocate of the asser- 
tional method of program proving 
was none other than Alan Turing 
himself. On June 24, 1950, at a con- 
ference in Cambridge, he gave a short 
talk entitled, “Checking a Large Rou- 
tine," which explains the idea with 
great clarity. "How can one check a 
large routine in the sense of making 
sure that it's right?" Turing asked. "In 
order that the man who checks may 
not have too difficult a task, the pro- 
grammer should make a number of 
definite assertions which can be 
checked individually, and from 


which the correctness «of the whole 
program easily follows." 
Consider the analogy of checking 
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an addition. If the sum is given as а 
column of figures with the answer 
below, one must check the whole at 
one sitting. But if the totals For the 
various columns are given with the 
carries added іп separately, the 
checker/s work is much easier, being 
split up into the checking of the 
various assertions (that each column 
is correctly added) and the small ad- 
dition (of the carries to the total). 
This principle can be applied to the 
checking of a large routine, but we 
will illustrate the method by means of 
a small routine: one to obtain n fac- 
torial without the use of a multiplier. 
Unfortunately, there is no coding 
system sufficiently generally known 
to justify giving this routine in full, 
but a flow diagram will be sufficient 
for illustration. That brings me back 
ta the main theme of my talk, the 
design of programming languages. 
During the period August 1962 to 
October 1966, I attended every 
meeting of the IFIP ALGOL working 
group. After completing our labors 
on the IFIP ALGOL subset, we 
started on the design of ALGOL X, 
the intended successor to ALGOL 60. 
Morfe suggestions for new features 
were made and in May 1965, Niklaus 
Wirth was commissioned to collate 
them into a single language design. I 
was delighted by his draft design, 
which avoided all the known defects 
of ALGOL 60 and included several 
new features, all of which could be 
simply and efficiently implemented, 
and safely and conveniently used. 
The description of the language 
was not yet complete. | worked hard 


on making suggestions for its im- 
provement, and so did many ather 
members of our group. By the time of 
the next meeting in St. Pierre de 
Chartreuse, France, in October 1965, 
we had a draft of an excellent and 
realistic language design which was 
published in June 1966 as “A Con- 
tribution to the Development of 
ALGOL" in Communications of the 
ACM. It was implemented on the 
IBM 360 and given the title ALGOL 
W by its many happy users. It was 
not only a worthy successor of 
ALGOL 60, it was even a worthy 
predecessor of Pascal. 

At the same meeting, the ALGOL 
committee had placed before it a 
short, incomplete and rather incom- 
prehensible document describing a 
different, more ambitious and, to me, 
a far less attractive language. I was 
astonished when the working group, 
consisting of all the best known inter- 
national experts of programming lan- 
guages, resolved to lay aside the com- 
missioned draft on which we had all 
been working and swallow a line with 
such an unattractive bait. 


Two Design Paths 

This happened just one week after 
our inquest on the 503 Mark Il soft- 
ware project. | gave desperate warn- 
ings against the obscurity, the com- 
plexity, and overambition of the new 
design, but my warnings went un- 
heeded, I conclude that there are two 
ways of constructing a software de- 
sign: One way is to make it so simple 
that there are obviously no deficien- 
cies, and the other way is to make it 


so complicated that there are no ob- 
vious deficiencies. 

The first method is far more dif- 
ficult. It demands the same skill, 
devotion, insight, and even inspira- 
tion as the discovery of the simple 
physical laws which underlie the 
complex phenomena of nature. It also 
requires a willingness to accept objec- 
tives which are limited by physical, 
logical, and technological con- 
straints, and to accept a compromise 
when conflicting objectives cannot be 
met. No committee will ever do this 
unti] it is too late. 

So it was with the ALGOL commit- 
tee. Clearly the draft which it pre- 
ferred was not yet perfect, So a new 
and final draft of the new ALGOL 
language design was promised in 
three months’ time; it was to be sub- 
mitted to the scrutiny of a subgroup 
of four members including myself. 
Three months came and went, with- 
out a word of the new draft, After six 
months, the subgroup met in the 
Netherlands. We had before us a 
longer and thicker document, full of 
errors corrected at the last minute, 
describing yet another but to me, 
equally unattractive language. 
Niklaus Wirth and I spent some time 
trying to get removed same of the 
deficiencies in the design and in the 
description, but in vain. The com- 
pleted final draft of the language was 
promised for the next meeting of the 
full ALGOL committee іп three 
months’ time. 

Three months came and went—not 
a word of the new draft appeared. 
After six months, in October 1966, 
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the ALGOL working group met in 
Warsaw. It had before it an even 
longer and thicker document, full of 
errors corrected at the last minute, 
describing equally obscurely yet 
another different, and to me, equally 
unattractive language. The experts in 
the group could not see the defects of 
the design and they firmly resolved to 
adopt the draft, believing it would be 
completed in three months. In vain, 1 
told them it would not. In vain, 1 
urged them to remove some of the 
technical mistakes of the language, 
the predominance of references, the 
default type conversions. Far from 
wishing to simplify the language, the 
working group actually asked the 
authors to include even more com- 
plex features like overloading of 
operators and concurrency, 

When any new language design 
project is nearing completion, there is 
always a mad rush to get new features 
added before standardization. The 
tush is mad indeed, because it leads 
into a trap from which there is no 
escape. A feature which is omitted 
can always be added later, when its 
design and its implications are well 
understood, A feature which is in- 
cluded before it is fully understood 
can never be removed later. 

At last, in December 1968, in a 
mood of black depression, I attended 
the meeting in Munich at which our 
long-gestated monster was to come to 
birth and receive the name ALGOL 
68. By this time, a number of other 
members of the group had become 
disillusioned, but too late: the com- 
mittee was now packed with sup- 
porters of the language, which was 
sent up for promulgation by the 
higher committees of IFIP. The best 
we could do was to send with it a 
minority report, stating our con- 
sidered view that "...as a tool for the 
reliable creation of sophisticated pro- 
grams, the language is a failure." This 
report was later suppressed by IFIP, 
an act which reminds me of the lines 
of Hilaire Belloc: 


But scientists, who ought to know 
Assure us that it must be so. 

Oh, let us never, never doubt 
What nobody їз sure about, 


I did not attend any further 
meetings of that working group. I am 
pleased to report that the group soon 
came to realize that there was some- 
thing wrong with their language and 
with its description; they labored 
hard for six more years to produce a 
revised description of the language. 1t 
is a great improvement but I'm afraid 
that, in my view, it does not remove 
the basic technical flaws in the design, 
nor does it begin to address the prob- 
lem of its overwhelming complexity. 

Programmers are always surround- 
ed by complexity; we cannot avoid it. 
Our applications are complex because 
we are ambitious to use our com- 
puters in ever more sophisticated 
ways, Programming is complex 
because of the large number of con- 
flicting objectives for each of our pro- 
gramming projects. If our basic tool, 
the language in which we design and 
code our programs, is also com- 
plicated, the language itself becomes 
part of the problem rather than part 
of its solution. 


Another Project 

Now let me tell you about yet 
another overambitious language 
project. Between 1965 and 1970 I was 
a member and even chairman of the 
Technical Committee No. 10 of the 
Eurapean Computer Manufacturers 
Association, We were charged first 
with a watching brief and then with 
the standardization of a language to 
end all languages, designed to meet 
the needs of all computer applica- 
tions, both commercial and scientific, 
by the greatest computer manufac- 
turer of all time. I had studied with 
interest and amazement, even a touch 
of amusement, the four initial docu- 
ments describing a language called 
NPL, which appeared between March 
1 апа November 30, 1964. Each was 
more ambitious and absurd than the 
last in its wishful speculations. Then 
the language began to be imple- 
mented and a new series of docu- 
ments began to appear at six-monthly 
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ument simply showed how far the ini- 
На! F-level implementation had pro- 
gressed. Those parts of the language 
that were not yet implemented were 
still described in free-flowing flowery 
prose giving promise of unalloyed 
delight. In the parts that had been im- 
plemented, the flowers had withered; 
they were choked by an undergrowth 
of explanatory footnotes, placing ar- 
bitrary and unpleasant restrictions on 
the use of each feature and loading 
upon a programmer the responsibility 
for controlling the complex and unex- 
pected side-effects and interaction ef- 
fects with all the other features of the 
language. 

At last, March 11, 1968, the lan- 
guage description was nobly pre- 
sented to the waiting world as a 
worthy candidate for standardiza- 
tion, But it was not, It had already 
undergone some seven thousand cor- 
rections and modifications at the 
hand of its original designers. 
Another twelve editions were needed 
before it was finally published as a 
standard in 1976. I fear that this was 
not because everybody concerned 
was satisfied with its design, but 
because they were thoroughly bored 
and disillusioned. 

For as long as I was involved in this 
project, I urged that the language be 
simplified, if necessary by subsetting, 
so that the professional programmer 
would be able to understand it and be 
able to take responsibility for the cor- 
rectness and cost-effectiveness of his 
programs. I urged that the dangerous 
features such as defaults and on con- 
ditions be removed, I knew that it 
would be impossible to write a 
wholly reliable compiler for a lan- 
guage of this complexity, and impos- 
sible to write a wholly reliable pro- 
gram when the correctness of each 
part of the program depends on 
checking that every other part of the 
program has avoided all the traps and 
pitfalls of the language. 

At first I hoped that such a tech- 
nically unsound project would col- 
lapse, but I soon realized it was 
doomed to success. Almost anything 
in software can be implemented, sold, 
and even used given enough determi- 
nation. There is nothing a mere scien- 
tist can say that will stand against the 
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flood of à hundred million dollars. 
But there is one quality that cannot be 
purchased in this way—and that is 
reliability. The price of reliability is 
the pursuit of the utmost simplicity, lt 
is a price which the very rich find 
most hard to pay. 

All this happened a long time ago, 
Can it be regarded as relevant in a 
conference dedicated to a preview of 
the Computer Age that lies ahead? It 
is my gravest fear that it can, The 


There Is nothing a 
mere sclentist can say 
that will stand against 
the flood of a hundred 

million dollars. 


mistakes which have made in the last 
twenty years are being repeated to- 
day оп an even grander scale. I refer 
to a language design project which 
has generated documents entitled 
strawman, woodenman, tinman, 
ironman, steelman, green and finally 
now Ada. This project has been ini- 
tiated and sponsored by one of the 
world’s most powerful organizations, 
the United States Department of De- 
fense. Thus it is ensured of an in- 
fluence and attention quite indepen- 
dent of its technical merits, and its 
faults and deficiencies threaten us 
with far greater dangers. For none of 
the evidence we have so far can in- 
spire confidence that this language 
has avoided any of the problems that 
have afflicted other complex language 
projects of the past, 

| have been giving the best of my 
advice to this project since 1975. At 
first 1 was extremely hopeful, The 
original objectives of the language in- 
cluded reliability, readability of pro- 
grams, formality of language defini- 
tion, and even simplicity. Gradually 
these objectives have been sacrificed 
in favor of power, supposedly 
achieved by a plethora of features 
and notational conventions, many of 
them unnecessary and some of them, 
like exceptions handling, even 
dangerous. We relive the history of 
the design of the motor car. Gadgets 
and glitter prevail over fundamental 
concerns of safety and economy. 


It is not too latel I believe that by 
careful pruning of the Ada language, 
it is still possible to select a very 
powerful subset that would be 
reliable and efficient in implementa- 
tion and safe and economic in use. 
The sponsors of the language have 
declared unequivocally, however, 
that there shall be no subsets. This is 
the strangest paradox of the whole 
strange project. If you want 2 lan- 
guage with no subsets, you must 
make it smail. 

You include only those features 
which you know to be needed for 
every single application of the lan- 
guage and which you know to be ap- 
propriate for every single hardware 
configuration on which the language 
is implemented. Then extensions can 
be specially designed where necessary 
for particular hardware devices and 
for particular applications. That is 
the great strength of Pascal, that there 
are so few unnecessary features and 
almost no need for subsets. That is 
why the language is strong enough to 
support specialized extensions—con- 
current Pascal for reál-time work, 
Pascal Plus for discrete event simula- 
tion, UCSD Pascal for micropro- 
cessor work stations. If only we could 
learn the right lessons from the suc- 
cesses of the past, we would not need 
to learn from our failures. 

And so, the best of my advice to 
the originators and designers of Ada 
has been ignored. In this last resort, 1 
appeal to you, representatives of the 
programming profession in the 
United States, and citizens concerned 
with the welfare and safety of your 
own country and of mankind: do not 
allow this language in its present state 
to be used in applications where 
reliability is critical, ie, nuclear power 
stations, cruise missiles, early warn- 
ing systems,  anti-ballistic missile 
defense systems. The next rocket to 
20 astray as a result of a program- 
ming language error may not be an 
exploratory space rocket on a 
harmless trip to Venus. It may be a 
nuclear warhead exploding over one 
of our own cities, Ап unreliable 
programming language generating 
unreliable programs constitutes a far 
greater risk to our environment and 
to our society than unsafe cars, toxic 


pesticides, ог accidents at nuclear 
power stations. Be vigilant to reduce 
that risk, not to increase it. 

Let me not end on this somber 
note. To have our best advice ignored 
is the common fate of all who take on 
the role of consultant, ever since 
Cassandra pointed out the dangers of 
bringing a wooden horse within the 
walls of Troy. That reminds mc of a 
story I used to hear in my childhood. 


The Emperor's Old Clothes 

Many years ago, there was an 
Emperor who was so excessively fond 
of clothes that he spent all his money 
on dress, He did not trouble himself 
with soldiers, attend banquets, or 
give judgment in court. Of any other 
king or emperor one might say, “He is 
sitting in council," but it was always 
said of him, "The emperor is sitting in 
his wardrobe," And so he was, On 
one unfortunate occasion, he had 
been tricked into going forth naked to 
his chagrin and the glee of his sub- 
jects. He resolved never to leave his 
throne, and to avoid nakedness, he 
ordered that each of his many new 
suits of clothes should be simply 
draped on top of the old. 

Time passed away merrily in the 
large town that was his capital. 
Ministers and courtiers, weavers and 
tailors, visitors and subjects, 
seamstresses and embroiderers, went 
in and out of the throne room about 
their various tasks, and they all ex- 
claimed, "How magnificent is the at- 
tire of our Emperor." 

One day the Emperor's oldest and 
most faithful minister heard tell of a 
most distinguished tailor who taught 
at an ancient institute of higher stitch- 
craft, and who had developed a new 
art of abstract embroidery using 
stitches so refined that no one could 
tell whether they were actually there 
at all. "These must indeed be splendid 
stitches," thought the minister. "If we 
can but engage this tailor to advise 
us, we will bring the adornment of 
our Emperor to such heights of osten- 
tation that all the world will 
acknowledge him as the greatest 
Emperor there has ever been." 

So the honest old minister engaged 


the master tailor at vast expense, The 
tailor was brought to the throne 
room, where he made obeisance to 
the heap of fine clothes which now 
completely covered the throne. All 
the courtiers waited eagerly for his 
advice. lmagine their astonishment 
when his advice was not to add 
sophistication and more intricate em- 
broidery to that which already ex- 
isted, but rather to remove layers of 
the finery, and strive for simplicity 
and elegance in place of extravagant 
elaboration. 

“This tailor is not the expert that he 
claims,” they muttered. “His wits 
have been addled by long contempla- 
tion in his ivory tower, and he no 
longer understands the sartorial needs 
of a modern Emperor." The tailor 
argued loud and long for the good 
sense of his advice but could not 
make himself heard. Finally, he ac- 
cepted his fee and returned to his 
ivory tower. 

Never to this day has the full truth 
of this story been told: that one fine 
morning, when the Emperor felt hot 
and bored, he extricated himself care- 
fully from under his mountain of 
clothes and is now living happily as a 
swineherd in another story. The 
tailor is canonized as the patron saint 
of all consultants, because in spite of 
the enormous fees that he extracted, 
he was never able to convince his 
clients of his dawning realization that 
their clothes have no Emperor. № 
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The 1980s will see unprecedented growth in the use of 
microcomputers by small independent businesses and 
professional persons. With great potential for fast, ac- 
curate processing of accounting data and other types of 
business records at a minimal cost, microcomputers, like 
photocopying machines, wil soon be standard equip- 
ment in most offices. 

Microcomputers offer a means of simplifying record- 
keeping systems while producing more timely, accurate, 
and detailed reports than were ever possible using a 
manual accounting system. The greatest benefit to a 
small business or professional person, however, is the 
cost. For a cost comparable to the annual salary of a 
bookkeeper, the individual can purchase a hardware and 
software system capable of many times the work output 
of a single person. If the system is well planned and prop- 
erly implemented, it can result in an overall cost savings 
and a significant increase in the usefulness and efficiency 
of the record-keeping system. 

Traditionally, a person entering a new business works 
with his accountant to set up a record-keeping system 
that meets generally accepted accounting principles and 
practices. These systems provide a logical method of trac- 
ing detailed records such as invoices and vouchers 
through the accounting process to the final financial 
reports. The systems usually produce a general ledger 
which is supported by subsidiary ledgers or such journals 
as Accounts Receivable and Accounts Payable. These, in 
turn, provide a complete listing of the detailed records. 
Thus, with the traditional method it is possible to trace 
an individual detailed record through the entire system, 
This system of tracking records is known as the "Audit 
Trail." 

As more and more business and professional people ac- 
quire and learn to program their microcomputer systems, 
there may be a temptation to simplify record-keeping sys- 
tems to the point where the Audit Trail is lost. For exam- 
ple, an individual might be tempted to write a program 
that would simply require the input of detailed records 
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and would produce completed financial statements as 
output. While such a program would be very simple to 
write and even simpler to operate, it would completely 
eliminate any form of Audit Trail. 

The lack of an Audit Trail creates two major problems: 

First, any error or discrepancy on the nriginal detailed 
record would be impossible to locate without a complete 
reconstruction of all detailed records. Suppose you had 
such a simplified program for your Accounts Receivable, 
Each day, week, or month you would key in new charges 
and payments on account. At the end of the period your 
simple system would produce a statement for each cus- 
tomer, without any reference to the original detailed 
records. Such a program might work well as long as no 
errors were made in entering the detailed records. What 
would happen, however, if one of your customers paid 
$50 on his account and you recorded $57 Without a refer- 
ence to any records, you would need to manually recon- 
struct the customer's entire account to verify whether or 
not he had, in fact, paid $50, Not only would the process 
be time-consuming—it would create a relation problem 
with the customer because of the original error. 

The second problem with such a program is that it is 
unacceptable to the Internal Revenue Service. Section 
6001 of the Internal Revenue Code of 1954 requires, in 
part, that "every person liable for any tax imposed by 
this title, or for the collection thereof, shal] keep such 
records, render such statements, make such returns and 
comply with such rules and regulations as the Secretary 
may from time ta time prescribe." Under the authority of 
this code section, the Interna] Revenue Service has issued 
Revenue Procedure 64-12 (Cumulative Bulletin 1964-1, 
Part 1, page 672), which defines "guidelines for record re- 
quirements to be followed in cases where part or all of the 
account records are maintained within automatic data 
processing systems." The Internal Revenue Service has 
also issued Revenue Ruling 71-20 (Cumulative Bulletin 
1971-1, page 392), which holds that "punched cards, 
magnetic tapes, disks, and other machine-sensible data 
media used in the automatic data processing of account- 
ing transactions constitute records within the meaning of 
section 1.6001-1 of the regulations." Let us see how this 
Revenue Procedure and Revenue Ruling affect the busi- 
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ness ог professional person using а microcomputer in his 
business. 

Revenue Procedure 64-12 deals directly with the need 
for an Audit Trail in an accounting system. Section 1.01 
of the Revenue Procedure states its purpose: 


Section 1, Purpose 

.01 The purpose of this Revenue Procedure is to set 
forth guidelines specifying the basic record re- 
quirements which the Internal Revenue Service 
considers to be essential in cases where a 
taxpayer s records are maintained within an auto- 
matic data processing (ADP) system. References 
here to ADP systems include all accounting sys- 
tems which process all or part of a taxpayers 
transactions, records, or data by other than 
manual methods. 


Section 3 states the objectives of the Revenue Pro- 
cedures: 


Section 3. Objectives 


(3) Recorded or Reconstructible Data. — The records 


must provide the opportunity to trace any trans- 
action back to the original source or forward to a 
final total. If printouts are not made of transac- 
tions at the time they are processed, then the 
system must have the ability to reconstruct these 
transactions. 


Revenue Ruling 71-20 clarifies the term "records" as 
used in Code Section 6001: 


„dt is held that punched cards, magnetic tapes, 
dísks, and other machine-sensible data media used 
for recording, consolidating, and summarizing ac- 
counting transactions and records within a tax- 
payers automatic data processing system are 
records within the meaning of section 6001 of the 
Code and section 1.6001-1 of the regulations and 
are required to be retained so long as the contents 
may become material in the administration of any 
internal revenue law... 


.... The ability to provide in legible form the data 
necessary to determine at a later date whether or 
not the correct tax liability has been reported must 
be carefully considered in designing and program- 
ming a machine system. This factor may add to 


the complexity of the system and require addi- 
tional cost, but this cost тау be negligible in com- 


parison to the expense that may be incurred at a 
later date if the system cannot practically and 


Both the Revenue Procedure and the Revenue Ruling 
are well known to most large companies using computer 
systems in their accounting process, but they may not be 
as well known to the small business using mini- and 
microcomputer systems. These businesses should check 
the following items in order to be sure their systems meet 
the requirements of the Internal Revenue Service: 


readily provide the information needed to support 
and substantiate the accuracy of the previously 


reported tax liability. 
(Emphasis supplied.) 


Section 4 gives the specific record requirements that the 
Internal Revenue Service considers essential in any ADP 
accounting system: 


Section 4, ADP Record Guidelines 
01 ...A computer's accounting program must include 
a method of producing from the punched cards or 
tapes visible and legible records which will pro- 
vide the necessary information for the verification 
of the taxpayers tax liability. 


.02 General and Subsidiary Books of Account, —A 
(1) general ledger, with source references, should be 
written out to coincide with financial reports for 


ө Any system or program should preserve the in- 
tegrity of the Audit Trail so that any summary 
total may be traced back to the original detailed 
records, and any detailed record may be traced 
forward to the summary total. 

è [f the system or program does not produce print- 
outs of the detailed transactions as they are pro- 
cessed, then the system or program must have the 
ability to reconstruct these transactions at the re- 
quest of the Internal Revenue Service. 

e [f the system or program maintains accounting 
records on machine-sensible data media, such 
media are considered records and must be тат- 
tained for the same period of time as a hard-copy 
printout. 

e Finally, if the system or program does maintain 
such machine-sensible data media, the system or 
program must include a method of producing visi- 
ble and legible printouts of the media. 


tax reporting periods. In cases where subsidiary 
ledgers are used to support the general ledger ac- 
counts, the subsidiary ledgers should also be writ- 
ten out periodically. 


(2) Supporting Documents and Audit Trail.—The 


audit trail should be designed so that the details 
underlying the summary accounting data, such as 
invoices and vouchers, may be identified and 
made available to the Internal Revenue Service 
upon request. 


This article may raise more questions than it has 
answered. What should you do if you have questions 
about your system? А final quote from Revenue Ruling 
71-20: 


„taxpayers who are in doubt as to which records 
are to be retained or who desire further informa- 
tion should contact their District Director for 
assistance. № 
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Technical Forum 


Add Dual Trace and Delayed Sweep 
to Your Oscilloscope 


Robert ] Stetson, BASF Systems 
Crosby Dr, Bedford MÀ 01730 


Occasionally the need arises to make timing com- 
parisons between two signals with an interval delay, 
However, with a conventional oscilloscope you cannot 
scan a looped serial-data exchange with the clock in 
registration and still look at the data that occurs 40 bytes 
later. In this situation, you may want to build an add-on 
unit that converts your present single-channel scope to а 
digital dual-trace scope with delayed sweep for about 
$15. 


Theory of Operation—Data Multiplexer 

Figures 1 and 2 show the complete logic diagram of the 
unit. Figure 2 is a simple, stable, clock circuit. А chop- 
ping frequency of 1 F CLK was selected, since it is com- 
mon among dual-trace scopes. The 555 integrated circuit 
is used as a free-running timer that generates 2 F СТК, 
Since the output of the 555 is highly asymmetrical, it runs 
at twice the desired rate, and 2 F CLK is fed to the input 
of a 74LS74-type D edge flip-flop. The 741.574 is wired as 
a divider and neatly converts the pulse train from the 555 
timer into a perfectly symmetrical square wave of half the 
frequency of 2 ЕСІК, It is important that 1 F CLK be 
symmetrical to insure that the two traces have the same 
relative brightness. This brightness is a direct function of 
the sample time (controlled by 1 F CLK) for each channel. 

In figure 1, 1 F CLK enables the channel 1 NAND gate 
(741.500) when high, and enables the channel 2 NAND 
gate (741.500) through а 741,504 inverter when low. The 
two channels are multiplexed into a single signal on pin 
11 of the 741,500, an active low МОК gate. 

Vertical separation of the traces can best be understood 
by walking through the circuit with OV input to both 
channels. If both inputs stay at a low level, the output on 
ріп 11 of the 741.500 NOR gate stays low. Even though 
there is no signal, the output signal, SCOPE, will switch 
at 1 F CLK speed, 

The diagrams in figure 4 show the relationship between 
the 100 k-ohm 1 F CLK leg of the summing network and 
the 150 k-ohm DATA leg. With 1 F CLK in a low logic 
state, the DATA input selects one of the two possible 
zones in the channel 2 area of the screen. With 1 Е CLK 
high, the DATA input selects one of the two channel 1 
areas of the screen: 


Where DATA is low, DATA = ОУ 
Where 1 Е CLK is low, ТЕСІК = ОУ 
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Where DATA is high, DATA = 2 У 
Where 1 Е CLK is high, 1 F CLK = 3 V 


The output from the summing network is one of the four 
possible combinations: 


low + low = channel 2 tow 0+0=0V 
low + high = channel 2 high 0--1-2У 
high + low = channel 1 low 1+0=3V 
high + high = channel 1 high1 +1=5V 


Even though half of the oscilloscope display time is 
spent on the upper area of the screen and half on the 
lower, the traces appear as two solid lines, because the 1 F 
СІК is synchronized with the two channel inputs, but not 
with the scope, The chopping frequency free-runs with 
relationship to the horizontal-sweep frequency of the 
scope, which is synchronized only with the signal at the 
input to channel 1. 

Any attempt to synchronize on the signal at the multi- 
plexer's SCOPE output will fail. The multiplexing action 
only allows you to synchronize on 1 F CLK; otherwise, as 
the two channels of data race across the screen they will 
be out of synchronization with the horizontal oscillator 
in the scope. A sample of the signal on which you want to 
synchronize is taken from the channel 1 input before it 
gets chopped by the multiplexer. This signal is then 
coupled by the trigger-control circuit to the scope’s SYNC 
or TRIGGER input. 


Trigger Control Circuit Theory 

When INT (internal trigger) is used, the channel 1 
probe should always be on the signal from which you 
want to synchronize, Тһе 741.504 inverter at the channel 
1 input buffers the input signal so that the circuit being 
sampled does not see the added load of the extra cir- 
cuitry, The second 741.504 reinverts the signal to its true 
polarity. 

[nverters are placed in the channel 2 signal path to 
balance the gate delays between the two channels. This 
ensures accurate results, regardless of the quality of the 
scope. 

Another 741504 inverter gates the signal over to a 
switch where either NORMAL trigger mode or 
DELAYED SWEEP is selected. 

With the MODE switch in the NORM position, the 
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Figure 1: Multiplex interface schematic for adding dual trace and delayed sweep to an oscillascope. See text for details on how the 


circuit works. 


trigger signal is switched straight through to the 741.504 
inverter, which drives the 2N2222 transistor output- 
driver. 

The TRIGG output is monitored by the coupling 
capacitor, which sets off the trigger timer and lights the 
trigger LED (light-emitting diode). The 74LS74 driving 
the trigger LED acts as an inverter; with its preset and 
clear inputs both low, the output on Q and О are high. 
But, when the clear input goes high, the output Q goes 
low, In this way, the Q output will always be the inverse 
of the clear input, while the О output remains high at all 
times. As long as the trigger LED remains lit, the scope is 
being triggered. 

With the MODE in the DELAY position, the trigger 
pulses are routed through the SLOPE switch. The SLOPE 
switch directs the pulse to either the А or B input of a 
74L121 monostable multivibrator. 

І chose а 74L121 over other multivibrators because it is 
noL retriggerable. While а 7415123 would reduce the 
parts count, recurring triggers would extend the delay 
time indefinitely. 

By using the RANGE and VERNIER controls, you can 
adjust the delay time. These controls increase or decrease 
the time from the selected edge of the triggering pulse to 


the timeout of the first stage of the timer chain. The sec- 
ond 741.121 fires when the first one times out. The second 
emits a short spike from which to trigger the scope, 

Ал additional feature, the SOURCE switch, allows you 
to trigger from an independent source, This may be an in- 
dex pulse, sector pulses or other reference signals from 
equipment you are working on. 

Mastering the use of this unit requires patience. For in- 
stance, the channel 1 trigger source can be used only in 
certain applications, Other applications are best served 
by the external trigger option, Under certain conditions 
during the delayed-sweep mode, a vertical line appears 
on the left edge of the screen, caused by the deflection of 
the beam in the absence of a horizontal trace. 

Since this add-on unit can only be used on logic-level 
signals, the unit under test can supply power, No internal 
power supply is shown, but you may prefer to add опе, 

The true amplitude of the signals on the SCOPE output 
will be less than the 2 V, ЗУ, and 5 V levels in the 
description given here, because the output of the TTL 
devices during their source mode are less than the supply 
voltage. Also, the resulting voltage will be further 
reduced by the input impedance of the scope. 

Caution: If you're tempted to cut up the front panel of 
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Figure 3: Timing diagram for dual trace with delayed sweep. 


your oscilloscope, remember that this unit will only ac- 
cept digital signals. Signals between about -F0.8 V and 
+3 V fall in a "gray area" that may "confuse" digital cir- 
cuits. (А sinusoidal waveform, for example, would not 
be displayed accurately.) Do not build in this unit if you 
want to use your scope on operational amplification сіг- 
cuits or power-supply ripple.m 


CH 2 

DATA 160K SCOPE LOW ZONE 
(D VOLTS) 10 YOLTS} FI 
1F CLK | 100к | CHANNEL 2 LOW "-— 3 9 
(0б VOLTS} 


CHANNEL 2 ІМ LOW ZONE 


(da) 


(4b) 
CH 2 
DATA 150K SCOPE HIGH ZONE 
i5 VOLTS) (2 VOLTS) pe 
CHANNEL 2 HIGH — —e—1—Ex— 
IF OLK алын LT 1 


{0 YOLTS) 


CHANNEL 2 IN HIGH ZONE 


CH 1 
DATA 150K SCOPE 
(0 VOLTS (3 VOLTS) әде асч 
CHANNEL 1 іон = m 
IF CLK 100% LT] 
{6 VOLTS} 


CHANNEL 1 IN LOW ZONE 


CHANNEL 1 HIGH 
CH 1 
DATA 150K SCOPE iret ZONE 
(5 VOLTS) 


t5 VOLTS} PIC 
1F CLK | 5 
(5 YOLTS? 


CHANNEL 1 (М HIGH ZONE 


Figure 4: Operation of the circuit shown in figures 1 and 2. Each of the four input conditions decodes to four different zones on the 


oscilloscope screen. 


COMPSTRT 
THE MOST COMPREHENSIVE STATISTICS 
PACKAGE AVAILABLE FOR MICROCOM- 


PUTERS. NORTH STAR BASIC AND 8” BAZIC* 
VERSIONS AVAILABLE. 


OVER 420 PROGRAMS COVERING ANALYSIS 
OF VARIANCE, BASIC STATS, CONTINGENCY 
TABLE TECHNIQUES, ESTIMATION, EXPLORA- 
TORY DATA ANALYSIS, FOURIER ANALYSIS, 
NONPARAMETRIC STATISTICS, MULTIVARIATE 
STATISTICS, PROBABILITY PLOTTING, QUALITY 
CONTROL, RANDOM VARIATE GENERATION, 
REGRESSION, ROBUST TECHNIQUES, SAM- 
PUNG, STATISTICAL DISTRIBUTIONS, SURVIVAL 
TECHNIQUES AND TIME SERIES. 


COMPLETE PACKAGE $1500 
MANUAL ONLY $100 


TOPICS SOLD SEPARATELY AT $200 A TOPIC. 
COMPSTAT 


P.O. BOX 268 
GLOUCESTER POINT, VA. 23062 


*BAZIC IS A REGISTERED TARDEMARK OF MICRO MIKES 


Circle 66 on Inquiry card. 


| QUME DT 8 | TELETEK FDC 1 
| 5545 • 4 MHZ CPU 
includes 1 year factory warranty в МЕС 765 FDC | 
QUME DT 5 | 5605 
591 5 1 YEAR WARRANTY 


QUME LIGHT PEN 


SPRI NT 9/45 WITH CORD & SOCKET 
50295 975 


INTERLINK 
MODEM 
* 300-600 BAUD 
* ASYN/SYN 
* AUTO DIAL 
* AUTO ANSWER 


FLOPPY DISK 
ADD-ONS 


le DUAL-DOUBLE 
DENSITY DRIVES 
||» ENCLOSURE 
e POWER SUPPLY 
• SERIAL AND e FAN 


MODULAR JACK * ALL CABLES 
INTERFACE e 1 YEAR WARRANTY 
е 2 YEAR WARRANTY | |а” system $1375 


$119 5%" SYSTEM $949 
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An Almost Optimum Z80 
Memory Test Program 


Ira | Rampil, 60 Haven Ave Apt 15D, New York МҮ 10032 


One of the great joys of building a computer is testing 
to see whether or not it works. The most interesting sub- 
system to check is the memory. Even average-sized 
memory systems contain several hundred thousand bits, 
each af which must be checked to insure that it can store 
and output the desired data. The memory must also be 
tested to confirm both the uniqueness of the address and 
the absence of bit-to-bit interference. Problems such as 
printed-circuit-board shorts and decoder-circuit bugs can 
cause data access at one address to disturb data at an en- 
tirely different address. Decoder-circuit bugs are usually 
encountered when a new memory is first brought up, but 
printed-circuit-short problems can and do occur at any 
time. Most memory component failures also occur early. 

It is not feasible to detect and localize any but the most 
severe problems through the use of manual hardware 
debugging techniques. Memory bugs are best found by 
using software techniques, provided that plugging the 
questionable boards into the system bus doesn't cause the 
whole system to crash. Аз long as the processor, some 
peripherals, and at least some memory are up, programs 
can be loaded and run to test the remaining memory. 

The most obvious test is to store all possible combina- 
tions of bits. Unfortunately there are 2292144 possible com- 
binations in a 32 K- by 8-bit memory. To test each possi- 
ble combination separately would take a length of time 
significantly greater than the projected duration of the 


universe, 
А great deal of research has been done in order to find 


tricks that will shorten the time required to test memory, 
but many manufacturers and suppliers of microcomputer 
kits зеет unaware of the results. For example, I recently 
built a system kit that was supplied with a memory test 
program that counted from 0 to hexadecimal FF, check- 
ing each increment in every byte in memory. It took more 
than five minutes per pass in my 34 K memory, and the 
program failed to detect Four address-line foil bridges, 
one solder splash, and the bad decoder chip that mapped 
two 8 K boards into the same memory location. it did 
locate a data-to-address foil short and a few bad memory 
chips, but the program crashed after every bug it caught. 
By contrast, the program I'm about to describe can detect 
all of these problems and most others, except certain bit- 
to-bit interference problems, within a single byte. It runs 
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on the same system in less than 3 seconds per pass. 

Memory problems usually occur as input (address) or 
output (data) lines that are stuck at either a 0 or a 1, оға 
line having the value of a different line. Such problems 
are the result of open circuits or shorts to power lines. 
Blown memory devices usually have bits that are inter- 
nally shorted or open. It should be understood that 
memory test programs will detect these problems and 
usually supply the offending addresses, but will almost 
never diagnose the problem. Diagnosis remains a human 
function that uses clues provided by memory test and 
dump routines. After localizing a bug, successive dumps 
of the offending area of memory while changing data at 
that address will reveal patterns characteristic of the par- 
ticular bug. 

The program described here is based on an algorithm 
described by John Knaizuk and С К Р Hartmann (JEEE 
Transactions on Computers, April 1977). This algorithm 
is called optimal because it uses the minimal number of 
memory accesses to test the memory for all single-bit er- 
rors. It also catches many multiple-bit errors. 

The memory under test is divided into three partitions 
based upon the byte addresses modulo 3. When a parti- 
tion is accessed, all memory addresses within it are ac- 
cessed. Each partition is then independently accessed, 
The address lines and the decoding circuits are ex- 
haustively tested. Data lines and memory chips are also 
tested, to the extent that each bit must be able to write 
and read back both a 0 and a 1. The algorithm uses a total 
of four accesses per address. This corresponds to the 
number of accesses required to read and write а О anda 1 
in each location. 

The program shown in listing 1 was written for a 
Digital Group Z80 system, but it can be easily trans- 
ported to other Z80 and 8080 systems. The major changes 
will be in the character output linkages and system 
utilities, I do not claim that this code is optimally short or 
fast. It was written to be legible, and it is fast enough and 
reasonably short. If an error is encountered, the offend- 
ing address is printed, along with the erroneous data byte 
read and the correct byte. Errors do not terminate the test 
and an "A" is printed at the completion of the test se- 
quence. № 


Listing 1: А memory test program for the 280 microprocessor. Although written for a Digital Group 280 system, it can easily be 
modified for 8080 and other Z80 systems. Note the use of octal notation. 


100000 


ASSM 
006000 


006000 


315 


315 


25] 


255 


352 


258 


s 


8 88388853838828388838888 


5 


ров а рас и оо с асов ооо ооо оао ооо 


АМ ALMOST PERFECT MEMORY 
* TESTER BASED ON THE K-H 
* ALGORITHM. WRITTEN BY 
* IRA JAY RAMPIL FOR 
^ THE 2.80 


нӛеррацаейдттеегевеьӛдзійавіӛрзіаедетзааавйлеаеветтчяватееьчагефаһавеваяав 


BEGIN CALL ERASE 
4 FIND TOP OF MEMORY 
MAIN CALL TOP 

“ TEST SEQUENCE 


LD DE,377000 
WR 

LD БЕ,000001 
RD 

LD DE, 377001 


* SUBROUTINE TO WRITE TEST DATA 
WR LD HL,(STAHT) 


LD А.Е 

ADD 1 

LD L,A 

LD АН 

ADC 0 

LD H 
WLP LD (HL),D 

INC 

INC НІ. 

INC HL 

LD A,B 

СР H 

RET С 

IR NZ,WLP 

LD Ас 

СР L 

RET С 

JR WLP 


RD LD HL {START} 
E 


; CLEAR SCREEN 


ЖЕМДІ, END OF 
‘TEST TO SCREEN 
‘START OVER 


'5ЕТ UP 
STARTING 
‘ADDR OF 
‘PARTITION 


;WRITE LOOP 
“ТО FILL 
;PARTITION 


Listing 1 continued on page 434 
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Listing 1 continued: 


006160 
006161 
006162 
006163 
006166 
006167 
006170 


006255 


203 


363 


377 


006255 20 008 


434 = September 1981 © BYTE Pubkcations [nc 


RLP 


ERR 


SPACE 


TOP 


V 


$4 © © ші Fed ей è 


: 


* é è 


EQU 


EQU 


;FOUND А BUG 


оғ 


РОТ OFFENDING ADDRESS ON TY 


;OUTPUT "=" 
;OUTPUT OFFENDING CONTENTS ОМ TV 


;QUTPUT DESIRED CONTENTS 


;OUTPUT SPACES TO GET NEXT 
ШКЕ OF TV SCREEN 


;MY SYSTEM'S TOP OF MEMORY 


TV IS A ROUTINE THAT OUTPUTS 
THE CONTENTS(CHARACTER) OF A 


372 


OCT IS A ROUTINE THAT CONVERTS THE 
CONTENTS OF E FROM BINARY TO OCTAL 
AND THEN PRINTS IT ON TV 


001267 


ERASE 15 А ROUTINE THAT ERASES 
THE SCREEN 


ERASE EQU 346 
START DW 006270 


Тесһпіса! Forum 


How to Build an 
Inexpensive Cassette Level Indicator 


Dr Milan D Chepko 
119 Belleville Ct 
Thief River Falls MN 56701 


Looking for an inexpensive way to adjust the level of 
your recorder when loading programs into your 
microcomputer? The circuit diagram in figure 1 shows 
twa LEDs (light-emitting diodes) and a 270- to 330-ohm 
resistor wired across the line from the recorder's ear- 
phone jack. The earphone or speaker is optional, but it 
allows you to hear the data transfer in operation. À 
photograph of the completed circuit is shown in photo 1. 

Most microcomputers require about two volts of audio 
signal for reliable operation. Since LEDs "turn on" 
at about 1.7 V, adjust the recorder's volume control 
until one of the LEDs begins to flicker steadily, and you 
should be in business. The LEDs also seem to absorb 
some of the extra signal if you turn the volume up too 
high. m 


Technical Forum is a feature intended as an interactive 
dialog on the technolagy of personal computing. The subject | 
matter is open-ended, and the intent is to foster discussion and 
communication among readers of BYTE. We ask that all cor- 


respondents supply their full names and addresses to be printed 
with their commentaries. We also ask that correspondents supply 
their telephone numbers, which will not be printed. 


OUTPUT TO | 

COMPUTER SMALL 
MINIATURE SPEAKER 
PHONE OR EARPHONE 
JACK 


Figure 1: Schematic diagram of the cassette level indicator. 


Photo 1: The cassette level indicator built inside a small plastic 
Бол. 


^ TiL-209A 
(А) TYPICAL FOR 2 TO EARPHONE JACK 


ON RECORDER 
MINIATURE 


PHONE 
PLUG 
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[Interactive Fiction: 
Six Micro Stories 


Bob Liddil, The Programmer's Guild, РОВ 66, Peterborough NH 03458 


Adventure International has a new concept in com- 
puter simulation called Interactive Fiction. The product 
I'm reviewing is a sampler of six Interactive Fiction 
stories, The sampler is, of course, designed to whet your 
curiosity about the full-length titles offered by the сотп- 
pany. 

Defined in its simplest terms, an Interactive Fiction epi- 
sode is a story that needs your responses to achieve its 
outcome. It goes far beyond Adventure's two-word ге- 
sponses by encouraging you to input complete sentences, 
| must confess that, at first, I was uncomfortable with the 
new format. Gradually, though, І became accustomed to 
bantering with the computer, 

The first story places you in wartime Nazi Germany. 
You're an Allied spy, and you must uncover as many se- 
crets as possible, You have been invited to a banquet, 
where you find yourself chatting with a high-ranking 
Gestapo officer. The conversation between you and the 
computer determines whether you live or die. 

In another scenario, you are a near-bankrupt shipping 
tycoon entertaining a Greek billionaire. He has just made 
a $30 million offer for your company, but you know that 
in a day or so your company will be worth only $10 mil- 
боп. | took great delight in fleecing that fellow for $70 
million. 

Interactive Fiction seems to be a stylized Eliza or Dr 
Chips, both of which are programs that cause the com- 
puter to act as if it understands your input. While giving 
the illusion of intelligence, these scenarios actually have a 
smaller vocabulary than the most basic Adventures. For 
example, there's a story about a chance encounter in San 
Francisco, You're in a park and you stumble upon a pret- 
ty girl whe has dropped her books. Her monosyllabic 
replies not only break the mood of the story, but sadly at- 
test to the lack of intelligence in the program. Don't mis- 
understand me; these stories do have some redeeming 
qualities, 

As in Eliza, the computer "psychiatrist," it is obvious 
that the program zeros in on individual words, ignoring 
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most of the input. The rest of the stories in the sampler 
are similarly disappointing in their lack of versatility; 
there are only a couple of ways each story can be played. 

I suspect that Six Micro Stories is not an adequate 
showcase of the Interactive Fiction concept. The stories 
fall far short of what the computer community expects 
from Scott Adams. As a party mixer or novelty, this of- 
fering will fil! the bill, but don't buy this package expect- 
ing the high-quality entertainment you've received fram 
Adventure International in the past. 

Six Micro Stories should be approached as a sampler. 
If you expect more, you are inviting disappointment, If 
you want to get into the heart of this new format, you 
had better get Local Call for Death or Two Heads of the 
Coin, two full-length titles in the Interactive Fiction prod- 
uct line. 8 


At a Glance 


Name Language 
Interactive Fiction: Six Mixture of BASIC and 
Micro Stories machine code 


Computer 

Radio Shack TRS-80 Model 
| with one disk drive and 
32 K bytes of memory 


Type 
Adventure-type user- 
interactive game 


Manufacturer 
Adventure 
International 

POB 3435 
Longwood FL 32750 
(305) 862-6917 


Documentation 
Several screens of informa- 
tion within the program 


Audience 

Adventure enthusiasts and 
people who like role-playing 
$15 games 


Price 


Format 
5-inch Floppy disk 


Now LETS SEE HOW YOU SURE 
PERFORM UNDER THE y~] THING 
ULTIMATE TEST. b MASTER, 


| FINALLY 
FINISHED 


- 


di 


YOU KUDU, IF YOu ТАКЕ 
Я DEDUCTION HERE AUD 


VES ME AN IDEA. 


AT Gl 


f 


„ВМО YOUR ERRIUED 
INCOME CREOIT 15 
EWACTLY $ 54.9999... 


/ YOURE BROUGHT BEFORE 
THiS COURT ON CHARGES 
OF IMPROPER TAX RETURN 
PREPARATION. 


THANK YOU SIA. CALL AGAIN. | [82% MASTER, WERE REALLY | 
CLEAWING UP. [7 
MAYBE Now 
| ш.а ыле E I CAN UPGRADE 


YOUR MEMORY 


І CAN UNDERSTAND THAT, 


THESE TWO KNOWINGLY AND $ BECAUSE I OFTEN HAVE THE 


DELIBERATELY MADE GROSS 
MATHEMATICAL ERRORS, LiKE /|% 
#1 200-50=1,149, 799 / 


+ 


UNDER THE CONDITION ‘YOU 
DE-BUG THE ROROT. 


YOU GOT IT 
JUDGEY wUDGEY ! 


TEST... WHATS "We? i 
! PLAY, ITS |- 


+ 
кез 
m a 
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DP/ NET: Redefine 


INDIVIDUAL/NET DUAL/NET 


WORD PROCESSOR SMALL BUSINESS 
APPLICATIONS 


Up To 4 Terminals 
Can Be Slaved Off Master 


_ LOCAL/NET = "TELEPHONE/NET 


Configurability 


| SYSTEM/NET 
LARGE SYSTEM NUCLEUS 


Hard Disc and 8" Floppy 
Any Combination of Master or Slave 


MASTER, NET 


Circle 395 on inquiry card. 


“BUY” WORD FOR THE 1980's 


NETWORKING is the newest ‘buzzword’ in 
microprocessors. Delta Products has produced a 
superior hardware system that cannot be matched in 
either cost or performance. 

Don't buy a system that has “designed-in” limitations; 
check the following: 


| PERFORMANCE 


This ts where DP/NET® beats them all. Delta does multiuser 
and multitasking operations by using distributed processors. 
DIGITAL RESEARCH has provided a new operating system 
(CP/NET®) which combines MP/M® and CP/M 2.2? into the 
world’s most powerful microcomputer system. 

The system cannot be bogged down by adding more users. 
High-speed DMA transfers from Host to Slave, allow many 
processors to share workloads. (There can be 3 processors at 
EACH user terminal; а Z-80 for screen function, and a pair of 
8085/8088 for main processing.) 


FLEXIBILITY 

One of the most important advantages of DP/NET® ts that 
you never have to purchase more system than you currently 
need, Your system can start with a 5" minifloppy 32K 
terminal for under $3000.00. Adding a second terminal and 
additional mass storage is as simple as the original 
purchase. Networking up to 16 OR MORE intelligent and 
semi-intelligent work stations can follow in perfect step 
with the growth of your Company and requirements. 


COST 

Since you never buy more computer power than you need, the 
system cost ts matched to the demand to be placed upon tt. 
DELTA PRODUCTS has a lot of experience in building 
micros, with over 2000 DELTA systems now in the field. 
DELTA component cost has always been extremely 
competitive. DELTA’s new ‘networking system" is a 
natural and simple combination of the competitive “good 
deals” we have been offering for some time. 


SOFTWARE 
A computer system to the end user IS THE SOFTWARE. All 
CP/M* compatible programs run perfectly on the DP/NET* 
DELTA PRODUCTS is currently writing its’ own 
high-performance custem data base, screen editor, order 
entry/inventory, and accounting packages in PL/1® Target 
release date for the complete package is November, 1981. 

_ SOLD ONLY THROUGH DEALERSHIPS 
CALL FOR YOUR NEAREST REPRESENTATIVE 


оноо ЕД 


15392 Assembly Lane P R 0 0 [ б | б h ‚© 


Huntington Beach. СА 92649 
TELEPHONE: (714) 898-1492 

TELEX: 681-367 DELTMAR HTBH 
МР/М. CP/M2 2, PL/I & CP/NET ARE REG ТМ ОҒ DIGITAL RESEARCH INC 


AMAZING 
VALUES... 


VERBATIM 
DATALIFE Y 
' DISKETTES 


$2635 


ВОХ ОР 10 


EPSON 


MX-80 | 2 SS, SS, 5⁄4" 
MX-8OFT 
—PRINTERS— 
FOR 514" VERBATIM CALL FOR 
DRIVES FD34-8000 


DISKETTES 


643% 


ВОХ ОҒ 10 
55, 55, DD 


DISKETTES 


62 595 


55, 55, DD 
HUB RING 


“OTHER 
MYSTERIES” 
VOLUME | 


(519% 


DISKETTE 
FILE BOX 


5422095 


HOLDS 50-60 


Ж PLAIN ЗАМЕТМ 
F DISKETTES 


$21 95 


BOX OF 10 


DISK DRIVE 


Ж “oTHER 8" DISKS РЕХТЕМОЕВ SS, 55,5%” 
MYSTERIES" CABLE а.ж 
| VOL. II or VOL. ІІ ; $995 
TRI-STAR 
FLOPPY PERTEC PERCOM DISKETTE 
SAVER™ & OTHERS FILE BOX 


HUB RING KIT 


5249 

10% 
о HOLDS 50-60 
a FOR 5'4" 5%" DISKS 


DISKS 


FROM 
ETATRONICS "= тош Free 


CORPORATION 1-800-321-9390 


IN OHIO, call 
RETAIL STORE — 4210 (COLLECT) | 
22297 EUCLID AVENUE SPP ED WITHIN тени | 
EUCLID, OHIO 44117 OFFICES 


(EAST 222nd & EUCLID AVE.) 26111 BRUSH AVENUE 
EUCLID, OHIO 44132 
PRICES IN EFFECT 


TRS-8D 15 a trademark of Ihe Sept. 1, 1981 THRU (SEND MAIL ORDERS HERE) 
Radio Shack Olvislon of Tandy September 30, 1981, ча поо ma handling. 
Corparalion. PLAIN JANE is а i inde 


Prices, Specifications. «Ohio residents add 5% % sales 
Trademark o! Meta Technologies sng Olfarings subject lo change tax. 
Corporation. ьс noti (C) 1981 by Matatronics Corp. 
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What's New? 


22 SYSTEMS 


The Stratos 

The Stratos is а 4 MHe 
Z80-based computer with 80 К 
bytes of progammable memory 
and ].2 megabytes of floppy-disk 
storage [expandable to 5 mega- 
bytes}. Stratos features а КОМ 
(read-only memory} monitor, 
CP/M 2.2, the Spellbinder word- 
processing program, a CBASIC or 
a Pascal compiler, business and 
personal-reminder software. 
printer driver routines for most 
printers, and two RS-232C ports. 

Additional features of the 
Stratos inciude а memory- 
mapped video controller. utilities 
thar allow many combinations of 
disk drives and formats to be con- 
nected, a light pen, and an AC- 
controller port. The Stratos micro- 
computer is housed in a teak- 
wood case, Contact Symbiotic 
Systems Inc. 118 Naglee Ave, 
Santa Cruz CA 95060, [408] 
425-5533. 


Сігсів 501 on Inquiry card. 


A Ralr Thing indeed 


Inside Rair Microcomputer Cor- 
poration's Black Box 3/30 is a 
5-megabyte Winchester hard disk 
and a dual-sided, double-density 
floppy-disk drive for backup. The 
Black Box 3/30 features either the 
CP/M or MP/M operating systems 
and an IEEE-488 bus with 64 К 
bytes of programmable memory 
and 16 programmable МО [in- 
put/cutput] ports, 

For applications and develop- 
ment, Rair offers BASIC, РІ, 
FORTRAN, COBOL, and Pascal, 
The Black Box 3/30 costs 57500. 
Contact Rair Microcomputer Cor- 
poration, 4101 Burton Dr, Santa 
Clara CA 95050, (408) 988-1790. 
Circle 502 on Inquiry card. 


Tiny BASIC 
Computer Board 

The K-8073 single-board com- 
puter features National's iNSBO73 
Tiny BASIC  Microinterpreter 
microprocessor. Features include 
serial communication data rates 
from 110 to 4800 bps (bits per 
second), a cassette-tape I/O |in- 
put/output), 8 К bytes of EPROM 
jerasable programmable read- 
only memory], 1 К of program- 
mable mernary with expansion to 
8 K externally, STD bus structure, 
remote controller for single-wire 
data control from remote stations, 
and 24 bidirectional I/O lines. The 
board is supplied with a 2 K ROM 
(read-only memory) of develop- 
ment utilities and а real-time 
calendar/ciock. 

The K-8073 requires +5 V and 
costs 5388. Contact Transwave 
Corporation, RD Т Box 489, Уап- 
derbilt PA 15486, (412) 


628-6303. 
Сігсів 503 on inauiry card. 


The LNW/80 
Microcomputer 

The LNW/80 microcomputer is 
software-compatible with the 
TRS-BO. № includes a 4 Mhz, 
ZBOA microprocessor, high-reso- 
lution black-and-white and color 
graphics, 12 K bytes of ROM 
(read-only memory), 16 К bytes of 
programmable memory, upper- 
and lowercase display, reverse 
video, ап RF (radio frequency) 
modulator, expansion bus, cas- 
sette interface, and power supply. 

The LNW/BO costs $ 1664 with 
a black-and-white monitor and a 
single 5-inch floppy-disk drive, but 
it can be purchased without peri- 
pherals for 51200. For details, 
contact LNW Research Corpora- 
tion, 14661 С Myford Ка, Tustin 
CA 92680, |714) 544-5744, 
Circle 504 on Inquiry card. 


Xerox 
820 Microcomputer 

The Xerox 820 microcomputer 
сап be used as а word-processing 
system, а business computer, or 
both. The basic 820 system in- 
cludes two RS-232C and two par- 
allel ports, dual 5-inch floppy-disk 
drives each with a 92 K-byte un- 
formatted capacity, а standard 
keyboard, and a 12-іпсп black- 
and-white video-display monitor 
with 24 lines by 80 characters. 

The B20 features а 780 micro- 
processor with 64 К bytes of pro- 
grammable memory and 4 K 
bytes of ROM [read-only mem- 
огу). The CP/M operating system 
and applications software, irr 
cluding CBASIC-2, COBOL ВО, 
MBASIC, and word-processing 
programs, are available. A word- 
processing system utilizing Word- 
Star and the SuperCalc electronic 
spreadsheet are available as op- 
tions. It can be connected to the 
Ethernet communications net- 
work, The Xerox 820 costs 52995 
and is available from Xerox and 
authorized dealers. For further de- 
tails, contact the Office Products 
Division, Xerox Corporation, 
1341 W Mockingbird Ln, Dallas 
TX 75247. 


Circle 505 on inquiry card. 


Sierra 4000 

The Sierra 4000 computer is an 
5100, 280-based computer that 
features dual floppy-disk drives 
and a hard disk. Together, these | 
devices provide a total of up to 96 
megabytes of storage. A two- 
drive hard-disk system is optional. 

For more information, contact | 
Sierra National Corporation. 5037 | 
Ruffner St, San Diego СА 9211 1, 
(714) 277-4810. 
Circle 506 on Inquiry card. 
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What's New? 


SOFTWARE 


MP/M-86 
Operating System 

Digital Research's MP/M-86 is а 
multiuser operating system for 
8086-based microcomputers. It is 
compatible with the CP/M-86 
operating system and programs. 
MP/M-86 will support networking 
capabilities through CP/NET. It 
allows multiple users to execute 
programs with only one copy of 
the object code in main memory. 

Other features of the MP/M-86 
operating system are file and 
record lockout, standard in- 
put/output, and internal queue 
mechanisms that support mutual 
exclusion, pipes, synchronization 
and communication between 


New Personal 
Software Products 

Personal Software has five new 
items in its product line: a new 
version of the VisiCalc business 
and planning program and four 
new VisiCaic-compatible pro- 
grams. The new VisiCalc pro- 
gram inciudes а full implementa- 
tion of a program-independent 
data-storage format called Data 
Interchange Format, It allows 
transfers of files between VisiCalc 
and other text and data programs 
regardiess of format structure, An 
Edit command lets users edit for- 
mulas without retyping them. Al- 
50 Boolean functions and the abil- 
ity to choose specific elements in 
a list based on the results of 
another calculation are featured. 
The new VisiCalc costs $ 199,95, 


Music Reader 
Music Reader | shovvs you the 
notes while it plays the melody 
through the Apple il's speaker. 
You can learn to read treble and 
bass clefs, note values, time and 
key signatures, sharps and flats, 
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multiple tasks. Customized 
Operating environments can be 
defined within the MP/M-Bé 
structure. For more information, 
contact Digital Research Inc, POB 
579, 801 Lighthouse Ave, Pacific 
Grove 93950, [405] 649-3896. 
Circle 607 on inquiry card, 


VisiPlot is a new VisiCaic-com- 
patible program with high-resolu- 
tion color plotting and graphics. It 
costs $179.95. VisiDex is a per- 
sonatinformation system that 
can handle mailing lists and per- 
sonal calendars. It costs $199.95. 
VisiTrend/VisiPlot 15 a combina- 
tion of VisiPlot graphics and a 
program for time-series manipula- 
tion, trend forecasting, and des- 
criptive statistics. Its suggested 
price is $259.95. Then, there |5 
VisiTerm, which can send and re- 
ceive files from the other Vist 
programs over telephone lines to 
any other computer, VisiTerm 15 
$149.95, 

For details, contact Personal 
Software Inc, 1330 Bordeaux Dr, 
Sunnyvaie СА 94086, |408) 
745-7841. 

Circla БОВ on Inquiry card. 


апа compiex rhythms because 
the program plays what you 
write. Music Reader | comes on a 
floppy disk and casts $30. Con- 
tact Shafer Software. 749 W Fre- 
mont Ave, Sunnyvale CA 94087. 
Circle 509 on inquiry card. 


Applesoft Compiler 

The Hayden Book Company's 
Applesoft compiler can increase a 
BASIC program's speed as much 
as ten times and occupies only 
3.2 K bytes of memory. The 
17-раз$ compiler generates true 
machine code. High-resolution 
graphics and shape tables are 
supported, and multiple programs 
can reside in memory at the same | 
time. 

Hayden's Applesoft compiler 
requires а 48 K-byte Apple И Plus 
or Apple |І with Applesoft in ROM 
(read-only memory), the Auto- 
хат ROM, and at least one 
flappy-disk drive. The compiler 
can be used with multiple- and 
hard-disk drives, and it can work 
on systems using the Apple Lan- 
диаде Card or Microsoft RAM- 
Card. The compiler costs 5200. 
Contact Hayden Book Company 
Inc, 50 Essex St, Rochelle Park NJ 
07662, (201) 843-0550. 

Circle 510 on inquiry card. 


Air Combat Game 

The Computer Air Combat 
game recreates Word War Ii 
aerial combat. The player{s) 
choose from thirty-six fighters or 
bombers. Each plane is rated in 
historical accuracy and detail for 
firepower, speed, maneuverabili- 
ty, damage-tolerance, and climb- 
ing and diving ability. Five scenar- 
ios are provided to refight actual 
combat engagernents. 

Computer Air Combat includes 
a rule book, two. map-board 
charts, and three ріауег-аіа 
charts. The game is available for 
48 Kbyte Apple 115 with Ap 
plesoft in read-only memory and 
а floppy-disk drive. it costs 
559,95, Contact Strategic Simula- 
tions Inc, 465 Fairchild Dr. Suite 
108, Mountain View CA 94043, 
(415) 964-1353. 
Circle 511 on inquiry card. 


What's New? 


| SOFTWARE | 


Language for 
Educatlon —TI Logo 

TI Logo was designed for the 
ТІ-99/4 microcomputer. It is the 
end result of collaboration be- 
tween Texas Instruments and the 
Massachusetts Institute of Tech- 
nology. Ti Logo has been tested 
in schools in New York City and 
Dallas. Texas, with students rang- 
ing from nursery school through 
the twelfth grade. 

ТІ Logo is structured so that 
children can successfully use the 
computer with little formal in- 
struction. Students can draw qeo- 
metric figures and designs and 
program the movement of special 
graphics figures. То work with 
the language, students must 
teach the computer what to do, 
which makes learning with ТІ 
Logo an interactive process rather 
than a feedback situation. Using 
ТІ Logo, students таке on-the- 
spot judgments as to whether 
their approach to a problem is ef- 
fective. 


The MDBS-ORS 

The MDBS-QRS add-on lets 
nonprogrammers interrogate any 
Micro Data Base Systems data 
base using English-like сот- 
mands. Utilities defining macroin- 
structions are included. Titles and 
synonyms for the various data- 
base entities can be defined. A 
report generated in response to a 
query can be displayed in a stan- 
dard or customized format using 
the Report Writer feature, String 
comparisons are allowed, and an 
optional conditional clause can 
be included for highly selective 
data retrieval. Existing data values 
can be modified. It is available for 
$300 from Micro Data Base Sys- 
tems Inc, POB 248, Lafayette IN 
47902, (317) 448-1616. 


Circle 513 on Inquiry card. 


У меат ПОС 


А ТІ Logo set-up requires the 
software and a TI-99/4 computer 
with a video display, floppy-disk 
drive and controller, and a mem- 
ory-expansion unit. TI Logo soft- 
ware costs $299.95, For more in- 


CP/M Cross-Assemblers 

Avocet Systems's XASM family 
of cross-assemblers can now run 
on 8080 and Z80-based micro- 
computers under CP/M and simi- 
lar operating systems. Pseudo- 
operation codes support nested 
conditional assembly, listing-for- 
mat control, definition of mne- 
monic synonyms. and the inclu- 
sion of external source files. The 
assemblers generate object files in 
the intel HEX format. 

Other members of the XASM 
family of cross-assemblers are de- 
signed. for 6805, 6801, 1802, 
6502, 6800, СОР400, and other 
microprocessors. Each XASM 
cross-assembler costs 5200; man- 
uals cost $25. Contact Avocet 
Systerns Inc, 804 $ State St, Dover 
DE 19901, (302) 734-0151. 
Circle 514 on inquiry сага, 


v. 


formation, contact the Customer 
Relations Department, Texas In- 
struments inc, РОВ 53, Lubbock 
TX 79408. 


Circle 512 on Inquiry card. 


Music and 
Animation Program 

Rainbow Writer is a graphics, 
text, music, and animation pro- 
gram that runs on the Appie 1 
and the Apple Il Plus computers. It 
can create special effects that 
feature color, animation, letters, 
shapes, and sounds. The pro- 
gram lets users define character 
fonts and choose berween nine 
sizes and nineteen different colors 
of upper- and lowercase English 
and Greek letters. Musically, the 
program offers six chromatic oc- 
taves and note sustain. Music 
data can be stored on disk. 

The suggested retail price is 
539,95. For details, contact Per- 
sonal Software пс. 1330 
Bordeaux Dr, Sunnyvale CA 
94086, (408) 745-7841. 


Circle 515 on Inquiry card. 
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What's New? 


PUBLICATIONS 


Evaluation of 
Educatlonal Programs 
School MicroW/are Reviews 

contains user evaluations of in- 
structional programs and pack- 
ages for the Apple. PET, and 
TRS-BO microcomputers. Each 
edition includes an index to 
evaluations in other publications. 
The reviews are organized by 
school department and within 
that by subject. Each review con- 
tains comments about the quality 
of the documentation, the in- 
structions to users given by the 
programs, the student-computer 
dialogue, and other concerns. 
The evaluation includes the pro- 
ducer, price, hardware configura- 
tion, storage medium, program 
type, grade level, and functional 
description. School MicroWare 
Reviews costs 530 per edition. 
Also available is the School 
MicroWare Directory. А sub- 
scription to it costs $20 per year, it 
contains descriptions of over 900 
programs. If you are a directory 
subscriber and provide a course- 
ware evaluation that follows a 
form provided by the publishers, 
you can receive Reviews free if 
your evaluation is published. 
Nondirectory subscribers whose 
material is published receive 
Reviews at half price. Contact 
Dresden Associates, POB 246, 
Department BY-l, Dresden МЕ 
043442, (207) 737-4466. 
Circle 516 on Inquiry card. 


Literature on Computer 
Sclence and Technology 

The United States Government 
Printing Office nas books and 
manuals оп computer-related 
subjects for sale. For information 
on titles and ordering, contact the 
Superintendent of Documents, 
US Government Printing Office, 


Washington DC 20402. 
Circle 517 on inquiry card. 
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Microsoft Catalog 

Microsoft Consumer Products 
has a new сагаюд that describes 
all of the software products it pro- 
duces and sells. The free catalog 
is available at Microsoft dealers or 
by contacting the company at 
400 108tn Ave, NE, Suite 200, 
Bellevue М/А 98004, |206) 454- 
1315. 
Сігсів 518 on inquiry card. 


Structured 

Requirements Definition 

Structured Requirements 
Definition, by Ken Orr, covers re- 
cent advances in systems theory, 
tools, and methodology. The 
book is written for analysts, pro- 
gramrmers, managers, and users. 
It is available for 525 from Ken Orr 
and Associates Inc, 715 E Bth, 
Topeka KS 66607, {800} 
255-2459; in Kansas (913) 
233-2349. 
Circle 518 on inquiry card. 


Courseware 
Evaluation Guldellnes 
Guidelines for Evaluating 

Computerized Instructional Ma- 
terials is a guide for buying and 
selling instructional software. 
Previous programming ехрег- 
тепсе 15 not assumed in this book 
for users and creators of edu- 
cational computer software. Divi- 
sions within the guide explain 
ways to determine what sort of 
Software is needed. how to look 
for it, and minor modifications 
that can be made. 

Guidelines for Evaluating 
Computerized Instructional Ma- 
terials costs $3.75. Contact the 
National Council of Teachers of 


Mathematics, 1906 Association 
Dr, Reston VA 2209!, |703) 
620-9840. 


Circle 520 on inquiry card. 


FORTH Beginner's Book 
Starting FORTH is for novice 
FORTH programmers. К em- 
braces such topics as defining 
words, compiling wvords, мес- 
tored execution, virtual memory, 
and number-scaling techniques. 
Many programming | examples 
and illustrations are featured. The 
book i5 published by Prentice-Hail 
Inc. For more information, con- 
tact FORTH inc, 2309 Pacific 
Coast Hwy, Hermosa Beach CA 
90254, [213) 372-8493. 
Circle 521 on inquiry card. 


DEC LSI/PDP-1 1 
Systems Catalog 
A catalog featuring DEC 

(Digital Equipment Corporation) 
LSI/PDP-11 computer systems, 
peripheral equipment, and soft- 
ware is available from Compu- 
mart Corporation. Сотритап 
distributes equipment апа 5у5- 
tems from DEC and peripherals 
from other major manufacturers. 
For your copy, contact Compu- 
mart Corporation, 65 Bent St, 
POB 568, Cambridge MA 02139, 
(617) 491-2700. 
Circia 522 on inquiry card. 


Software Protectlon 

The legal protection of com- 
puter software is examined in 
Computers, Copyright and the 
Law. This report was developed 
to help software authors make 
decisions about protecting their 
product's proprietary rights. The 
report encompasses the theories 
behind software protection, but it 
emphasizes protection methods 
and their relationship to software 
sales, leasing, and licensing. Con- 
tact Educational Programming 
Systems, 1328 Baur Blvd, St Louis 
MO 63132, (314) 991-0300. 


Circle 523 on Inquiry card. 


International 
Software Directory 

The International Microcorn- 
puter Software Directory is a 
reference source of new and 
established software for all ap- 
plications and systems. The direc- 
tory is divided into sections listing 
programs for specific computers, 
describing categories of рго- 
grams, and a section for users 
wishing to buy frorn a particular 
software house. Programs are 
cross-referenced throughout the 
sections. Details as to date of 
release, warranties, distributors, 
medium, source code, compatible 
systems, special configurations 
needed, limitations, and prices are 
all provided. 

The directory is availaible for 
$29, updates are available every 
six months. System-specific direc- 
tories that are extracted and 
cross-referenced from the main 
data base are available for 512. 
These directories list programs 
written Гог the Apple, TRS&-80, 
and PET computers, and the 
CP/M operating system. The 
directory is available from Imprint 
Software, 420 5 Howes, Fort Col- 
lins CO 80521, [303] 482-5574. 
In England, contact Imprint Soft- 
ware, 16 Milton Ave, Highgate. 
London. М6. 


Circle 524 on inquiry card. 


PUBLICATIONS 


600 Microprocessors 
Cross-Referenced 

The Microprocessor IC D.A.T.A. 
Book lists characteristics of over 
5000 integrated circuits, including 
over 600 microprocessors and 
associated programmable and 
read-only memory devices, 
interface-support circuits, рго- 
cessor architecture, and manufac- 
turer software support. Pro- 
cessors are cross-referenced by 
generic numbers, technical 
characteristics, lagic, block draw- 
ings. instruction sets, outline 
drawings, and manufacturers. 
Тһе book is published twice a 
year. The subscription rate is $55 
per year. Contact D.A.T.A, Inc, 
POB 26875-PR, San Diego CA 
92126, (800) 854-7030; in 
California |714) 578-7600. 


Circta 525 an inquiry card. 


Computer Music Journal 

А special two-part issue of 
Computer Music Journal, a 
quarterly from MIT Press, surveys 
the applications of artificia! in- 
telligence to music. Articles deal 
witn devices that will be capable 
of listening го. understanding and 
playing music, and reports on 
research underway that hopes to 
explain human rnusica! cognition. 
Other topics include the use of 
the computer as an assistant for 
musicak-score analysis and com- 
position, automatic music 
transcription from sound to score, 
muitilevel graphic representation 
of scores and sound in natural 
languages, intelligent music im- 
struments, new theories of music, 
and an introduction to LISP. 

A subscription to the Com- 
puter Music Journal costs $25 
per year, Contact the MIT Press, 
28 Carleton St, Cambridge MA 
02142, (617) 253-2889, 


Сігсів 526 on Inquiry card. 


Software- 
Vendor Directory 

The fourth edition of the Soft- 
ware Vendor Directory contains 
1001 software vendors, 4195 
products, and 80 hardware and 
200 software categories. The 
directory costs $57.95. Optional 
ly, the directory can be purchased 
far $100, which includes two up- 
dates at six-month intervals. A 
single update costs $25. Also, a 
CP/M disk version is available for 
$78. Contact Micro-Serve Inc, 
250 Cedar Hill Ave, Nyack NY 

10960, (914) 358-1340. 
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Gulde to Published 

Materlal on Computers 

Bookguide 1: Microprocessors 
and Microcomputers covers pub- 
lications that describe the con- 
cepts, applications, and potential 
of microprocessor devices. [t lists 
authors, abstracts, publishers, 
and prices for nearly 500 titles 
from 39 publishers. Books ап 
more than 50 topics ranging from 
histories to dictionaries, 
micracomputer architecture, pro- 
gramming techniques, personal 
computers, and artificial in- 
telligence, are listed. Bookquide | 
is available for $11.50 from 
Leatherleaf Book Services Inc, 
POB 28, Pembina ND 58271. 
Circle 528 on Inquiry card, 


Books for the Apple 

MICRO/Apple 1 is the first 
volume of a series of books that 
will contain articles from Micro, 
The 6502 Journal. The articies 
contain Apple program listings, 
which are on a floppy disk that 
accompanies the book. 
MICRO/Apple 1 costs 524,95, in- 
cluding the disk. Contact Micro 
Ink Inc, РОВ 6502, Chelmsford 


MA 01824. 
Circle 529 on inquiry card. 
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Connect an Olympla 
ES100 to a 
Місгосотритег 

Using the Ren Tec К5-232С in- 
terface, the Olympia Е5100 type- 
writer can provide letter-quality 
printing and still function as a 
standard typewriter. The Ren Tec 
К5-232С uses CMOS [сотріе- 
mentary meta-oxide semiconduc- 
tor} logic. It accepts ап RS-232C 
serial ог a parallel interface; ac- 
commodates odd, even, or по 
parity; features handshake logic: 
and also provides any character- 
translation format. 

The Ren Tec ES costs $295. For 
additional details, contact Ren- 
aissance Technology Corpora 
tion, 3347 Vincent Rd, Pleasant 
Hill CA 94532, |415) 930-7707, 
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The Rhythm Box 

The Rhythm Box synthesizes 
bass and snare drums, wood 
blocks, short and long cymbals, 
hand claps, and tom-toms, It is 
programmable іп Level |! BASIC ог 
assembly language. The unit has 
а phona jack for connection to 
an audio system, a power supply, 
a manual including BASIC and as- 
sembly-language software ex- 
amples, and a selection of rhythm 
charts. The Model RBX-T for the 
TRS-80 Model ! Level li is available 
for $149. 

The Model RBX-S is for 5-100, 
Appie li, PET, and other systems. 
It connects to 9600 bps (bit per 
second] serial interfaces using 
either RS232C or 20 MA current 
loop levels. it costs $179. For 
more information, contact New- 
tech Computer Systems Inc, 230 
Clinton St, Brooktyn NY 11201, 
(212) 625-6220. 
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What's New? 
PERIPHERALS 


Color Printer 

for the Apple 
The OmniColor li is a color-ink 
jet printer with а 16 K- or 32 K- 
byte buffer. Intended for the Ap- 
ple ti, software for 3.3 DOS is in- 
cluded. The OmniColor Il uses 
eight colors, prints at 40 cps 
(characters per second], and can 


Double Your 
Graphics Capabllity 

The Double Hi-Res card pro- 
vides two levels of grey scale and 
can display 80 columns by 24 
lines. It is designed for the Apple |! 
or Il! and is compatible with the 
Apple 115 super-high-resolution 
graphics. Character sets can be 
defined with the Define Font pro- 
gram supplied. The Double Hi-Res 
features italics, underline, multi 
ple-character sets as wvel as 


Thin Floppy-Disk Drives 

The Thinline B-inch floppy-disk 
drives are 5.9 cm [29% inches) 
high and weigh 7 pounds. These 
double-sided head drives can be 
turned on and off by control sig- 
nals from the interface. Head 
positioning is accomplished Ву a 
band-driven carriage. The door 
arrangement has been simplified 
by using a lever that closes and 
positions the disk in the drive. The 
Thinline drives record at 48 and 
96 tracks per inch. 


11 by 11 Digitizer 

Тһе DemrPad is an li- by 
1 |-inch digitizer tablet featuring a 
200-sample-per-second rate. It in- 
cludes a Z80-based interface, 
which provides RS-232C ASCII 
[American Standard Code for іп- 
formation Interchange) or binary- 
coded data, and 0.001-inch 
resolution. The Demi-Pad comes 


print paper up to 13 inches wide, 
as well as print overlay pages and 
screens, It features normal or €x- 
panded print and the ability to 
dot-plot any section of memory. 
Contact Omnico Computer Car- 
poration, 3300 Buckeye Rd, At- 
lanta GA 30341, |404| 455-8460. 
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graphics on the same screen, рго- 
portiona! spacing, mathematics 
symbols, and APL- and Japanese- 
character sets. Multiple-character 
sets can reside іп memory 
simultaneously. 

The price for the Double Hi-Res 
card and support software on a 
floppy disk is $295. Contact Spies 
Laboratories, POB 336, Lawn- 
dale CA 90260, |213) 644-0056. 
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There are two models avail- 
able. The TM 848-1 stores 600 K 
bytes on one side of a disk and 
TM 848-2 stores 1,2 megabytes 
on both sides. The drives can be 
used in single- and double-density 
applications. For more informa- 
tion, contact Tandon Corpora- 
tion, 20320 Prairie St, Chatsworth 
СА 91311, (213) 993-5644, 
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with а pen or stylus cursor. 

Options include a power sup- 
ply. 1ó-button stylus or crosswire 
cursor, X Y display. and an ASCII 
keyboard. Priced at S990. the 
Demi-Pad is available from GTCO 
Corporation, 1055 First St, Rock- 
ville MD 20850, |301) 279-9550. 
Clrele 534 on Inquiry card. 


What's New? 


MISCELLANEOUS 


5-Inch Drives for 

the TRS-80 Model Ill 

Percom Data Company has 
5-inch floppy-disk drives for the 
TRS-80 Model Ill. Systems сап be 
ordered with either 40- or 80- 
track drives rated for double- and 
single-density operation. The first 
two drives mount inside the com- 
puter; the others mount exter- 
nally. The first internal drive 
comes with а four-drive con- 
trailer, a two-drive power supply, 
cables, a double-density disk op- 
erating system, and mounting 
hardware. 

The four-drive controller fea- 
tures data-separation and write- 
precompensation circuitry. It is 
capable of handling two-headed 
drives and single-density 8-inch 
drives. The computer can use the 
Model ill's disk operating system 
or Percom's О5-8ОЛИІ. The first in- 


ternal drive sells for $749.95 in 
the 4O-track version and $914.95 
in the BO-track version. 

The second internal drive in- 


Small-Systems Software 
and Services Sourcebook 

Small! Systems Software and 
Services Sourcebook lists and 
cross-indexes software and ser- 
vices available to users of mini- 
and microcomputers in business, 


cludes the drive mechanism, elec- 
tronics, and installation hard- 
ware. It costs $315 in the 40-track 
version and $474.95 in the BO- 
track version. 

Single external 4O-track drives 
are $439, and the dual 40-track 
drives are $878. Cables for the ex- 


Speech Pracessor 

The Мітіс speech processor 
converts speech to digital data 
and reconstructs the digital repre- 
sentation to analog form for re- 
production through a speaker. 
The systern can be used for digital 
speech-communications applica- 
tons without a computer. The 
speech data rate is user-selec- 
table, with speech reproduced at 
rates from 9600 to 20,000 bps 
[bits per second}. 

There are four versions of the 


professions, and government. En- 
tries inciude software and service 
listings related to system soft- 
ware, application software, and 
consulting and services in medi- 
cal, business, investment, model- 
ing, and other applications. The 


ternal drives are $29.95. For de- 
tails, contact Percom Data Сот- 
pany inc, 211 N Kirby, Garland 
TX 75042, [800] 527-1592; т 
Texas, |214) 272-3421. 
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Мітіс speech processor а 520 
bare board. an assembled and 
tested module for 579, a 5149 
system configured for parallel- 
port interfacing, and a ТЕ$-80- 
compatible plug-in version for 
$169. Documentation, including 
program examples and schemat- 
ics for ап S-100 bus interface, 15 
also available, Contact Mimic 
Electronics Company, POB 921, 
Acton MA 01720. 
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book has some marketplace list- 
ings and display advertising. Far 
more information, contact Infor- 
mation Sources Inc, 1807 Glen- 
view Rd, Glenview IL 60025, 
(312) 724-9285. 
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What's New? 


MISCELLANEOUS | 


Buy and Sell 

Horsetrader is a publication for 
buyers and sellers of computer 
equipment. It Features used, new, 
and rebuilt computers, terminals, 
printers, and other iterns. For in- 
formation on ad or subscription 
rates, contact Horsetrader, POB 
11712, Santa Ana CA 92711, 
(714) 832-0628. 


Сігсів 538 on inquiry card. 


Book Catalog 

Telecom Library's 1981 catalog 
contains тоге than 300 titles of 
books, periodicals, training 
manuals, and audio cassettes for 
information professionals. The 
catalog features books on 
telecommunications manage- 
ment, data communications, data 
processing, computer program- 
ming, office automation, word 
processing, teleconferencing, 
satellites, and cable television. 
The catalog is free from Telecom 
Library Inc, 205 W 19th St, New 
York NY 10011, (212] 691-8215. 
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CBASIC 
Program Directory 

Compiler Systems inc has 
published a directory listing 157 
business-application programs as 
well as vertical-market packages 
written in CBASIC available from 
30 software vendors. The 
CBASIC Software Directory pro- 
vides a description of each pro- 
gram, its rnemory requirements, 
and the vendor's name, address, 
and telephone number. Unless 
noted, all products support CP/M 
and MP/M and require at least 
one fioppy-disk drive. The direc- 
tory is available for $14.95 from 
Compiler Systems Inc, 37 N Au- 
burn Ava, POB 145, Sierra Madre 
СА 91024, |213) 355-1063. 
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Single-Board Computer 

A single-board computer with 
analog, serial, and power-cantrol 
ИО (input/output) has been an- 
nounced by УЛтек, The board 
features a 6801 or 68701 micro- 
processor with 2 K bytes of ROM 
{read-only memory), 128 bytes of 
programmable memory, and an 
internal and an external timer, 
The 12-6 A/D (analog-to-digital) 
converter can be configured for 
eight single-ended ог four dif- 
ferential inputs. The eight digital 
МО lines сап be configured for 


Software for the Atari 

Personal Software has intro- 
duced MicroChess and Checker 
King for the Atari 400 and 800 
microcomputers. Both games fea- 
ture an on-screen, real-time clock 
for game timing. The games re- 
quire 8K bytes of memory and 
are priced at $19.95 each. on cas- 
Sette. 

The MicroChess program turns 
a Color-display screen into а 
chessboard. It has eight selectable 


any mix of AC or DC inputs or 
outputs. The serial VO aliows 
half-duplex 20 mA current-loop 
communication to a host com- 
puter at software-selectable rates. 

The prices range from 588 to 
$295, depending on options апа 
quantity. Applications include ге- 
mote data acquisition, machinery 
control, and energy manage- 
ment. Contact Wintek Corpora- 
tion, 1801 South St, Lafayette IN 
47904, (317) 742-8428. 


Circle 541 on Inquiry card, 


levels of play, plays by tourna- 
ment rules, and allows no illegal 
moves. 

Checker King allows single, 
double, and triple jumps, forces 
jumps, and performs according to 
the tournament rules of checkers. 
For details, contact Personal Soft- 
ware Inc, 1 330 Bordeaux Dr, Sun- 
nyvale CA 94086, (408) 745- 
7841. 
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A-D & D-A CONVERTER _ 280 MICROCOMPUTER 6522 APPLE Il INTERFACE 


JBE's 4-1/8"x3-1/4" single board а Р printers, synthesizers, 
dedicated computer is designed for | keyboards, JBE A-D & D-A Converter & 
control functions. It features: + А 280 Solid State Swltches в Has handshak- 
visti rand iis ra реле ing logic, two 6522 VIAs 8 а 741505 for 
м Ө timing * Inputs & outputs are TTL 
Місгорговвялоғв °Usea а 280 РІО chip эш Ёз , 

for VO Tt 2 аъ 8 bit 79-295 ASSM. $69.95 


JBE one channel А.О & D-A Converter 
can ba used with any system having 
parallel ports * Interfaces with JBE 
Parallel МО Card *D-A conversion 
time — 5 us * A-D conversion time — 
20 us «Uses УВЕ 5V power supply 


e Parallel! inputs & outputs Include 8 o) ports 

data bits, strobe lines & latches ansfer contro! Bare Board $39.95 Kit $59.95 
» Analog inputs & outputs are medium K ) 8 Мо 2114 2716 EPROM PROGRAMMER 
Impedance 0 10 5 volt range. ВАМ memorias (1K) зі "0 > 5V power | о я JBE 2716 EPROM Pro- 
79-287 ms | Suppy: 9- ера Ф эрак Uequonc у Hg grammar was designed 
Bare Board $39.95 | | vit II ч tale ld Ы Іт | to program 5V 2716 


ГІШ EPROMS «И can also 
МШ» read 27165. It interfaces 
M. to the Apple il using 

"i ВЕ Parallel НО Card & 
EE (our ribhoón cable con- 
sAn LED indicates when 
power is being applied to the EPROM 
ә А textoo! zero insertion force socket 
ls used forthe EPROM е Comes with 
complete doc. for writing and reading 


іп thé Apple If pr Apple 1+ * Cables 
available 


JBE's 4'4x3'4 dedicated controller 
features: е 1024 bey RAM (two 21146) 


ә 2048 bytes EPA d 2716) • Uses one | | Separately. 

6522 VIA (comp. псі.) * Interfaces | 80244 — ASSM. $49.05 

Бал жек а Slate Biches RADE те Bare Board $24.55 Kit $39.95 
onva n= № АН Ca 

Supply eae EPROM: avalable . This S° х4” boned fadiar: ол board j- t ВОВ С 

вера ау (2718 сар RO LS ^ integer Баас ; i 

wit ап Ари ү ЖАН ita | jJ PPLE ll EXTENDER BOARD 


grammer & Parallel Interface) = 


А 
connector Included In Kit & ral е. x2". Price ncludes 50 ріп Con- 


80-153 : | 
Bare Board $49.94 AS IS BuSS 80-143 $12.95 
| 8085 3 CHIP SYSTEM 
SOLID STATE SWITCH _ | State-of-the-art system using an 8085, 
«> -o « ©? | eo : = Champi | 8186 & either , 0355 or 8755 
m e instruction set 1 s Upward com- 


"EE UM 47) ў a. ШІЛ и у WE А $ SUF FENS patible with 8080A. 
2” ©. ES lat, | BareBoard — $24.95 


x c alll чы zl чы 


VE oe short circuit and 8068 5 CHIP SYSTEM 
Your computer can rere thermal breakdown. An 8086 ay microcomputer system 
iu Nuus lighis, stereo & a папу 5 VOLT РОМЕН SUPPLY чае an 8088 CPU, 8284, 8155, 07 8755А 
Да Й. up to 720 watts Rated at SV 500MA » Operates JBE A-D | & an BIBS. 
und rx 120VAC). Input 3 to 15VDC | & D.A Converter, 280 & 6502 Microcom- | Bare Board $29.85 
е2-14МА TTL compatible = Isolation puters, 8085 & 8088 Microcómpnters. CRT CONTROLLER 


— 1500У е Non zero crossing = Comes 


[п 1 or 4 channel version. This intelligent CRT Controllor uses 


80-160 ASSM. $20.95 
an BOSSA CPU & an 8275 Integrated 


Bare Boa Kit $16.85 


79-282-1 ASSM. $13.95 POWER SUPPLY CRT Controller. It features: • 25 lines 
Bare Board $6.95 Kit $10.85 MA = (80 Char. Иш) * е 5x7 dot matrix е Upper 
79-282-4 ASSM. $49.95 Rated at + 12V 120МА е Can be used as l 

char, жалатты) e serial interface 


suited to OP-AMP axperimenta. 


80-101 ASSM. $22.85 
Bare Board $8.95 Kit $18.95 


RS232 4 TTL • baud rates of 110, 150, 
300, 600, 1200, 2400, 4800 & 9600 
* keyboard scanning system » unen- 
coded keyboard is req'd © uses +5V & 
+ 12V power suppiles • Doc. includes 
prog ram listing & composite video cir- 
cult, 


APPLE Il DISPLAY BOARD 


е Has run-stop, single 
step switch * Наз 16 
address LEDs, 8 data | 

{ о l LEDs & 1 ADY LED | san pic $0.95 Bare Board only (Doc. inci.) $39.95 
80-144 АЗЗМ. $49.95 “А! lines аге buf | 2346 $14.95 Programmed 27168 each 519.95 


Bare Board $25.95 К! $42.95 “егей. 2716 Ргодгаттей $19.95 


Ж JOHN BELL ENGINEERING, INC. | 


ALL PRODUCTS ARE AVAILABLE FROM JOHN BELL ENGINEERING • Р.О. BOX 338 
[мс | REDWOOD CITY, CA B4064 е ADD SALES TAX IN CALIFORNIA • ADD 5% SHIPPING А HANDLING 


(415) 387-1137 10% OUTSIDE U.5.A. 


6502 $8.95 
| 6522 59.05 
2BO CPU $9.95 
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Compact Fluorescent 
Display Panel 

The itron square-format 
DM128X128C 128 by 128 dot 
matrix display panei is slightly 
over 76.6 by 76.55 mm square (3 
inches} and only 20 mm [0.8 
inch) thick. It is capable of display- 
ing special symbols, geometric 
patterns, graphics, block and cur- 
sive alphanumerics, continuously 


scrolling images, and lighted 
areas. Each dot is individually ad- 
dressable, and ascenders and de- 
scenders, script lettering, linear 
graphics, and charts can be pro- 
duced. For more information. 
contact Noritake Electronics inc, 
22410 Hawthorne Bivd, Torrance 
CA 90505, [213] 373-6704. 
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Where Do Mew Products Items Come From! 

The information printed in the new products pages of BYTE is obtained from 
"new product" or "press release" copy sent by the promoters of new products. If 
in our judgment the information might be of interest to the personal computing ex- 
perimenters and homebrewers who read BYTE, we print it in some form. We 
openly solicit releases and photos from manufacturers and suppliers to this 
marketplace. The information is printed more or less as а first-in first-out queue, 


subject to occasional priority modifications. While we would not knowingly print 
untrue or inaccurate data, or data from unreliable companies, our capacity to 
evaluate the products and companies appearing іп the "What's New?” feature із 
necessarily limited. М/е therefore cannot be responsible for product quality or 
company performance 
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Piggybacked 
Prototyping Boards 

Circbords are perforated proto- 
typing boards that can add 24 
square inches of working area 
and 20 to 60 DIP (duat-inline 
package) positions when 
mounted on spacers, piggyback- 
style, on edge connector boards. 
Circbords can also be installed us- 
ing card guides or in aluminum 
extrusions. 

The Model 8001 is designed for 
solder connections. It holds up to 
twenty 16-ріп integrated circuits. 
The Model 8002, for wrapped 
wire, can hoid up to thirty-five 
16-ріп DIPs. On the 8003 model, 
ир to sixty Т6-ріп DIPs, or any 
combination of devices, can be 
attached using solder ar wire- 
wrap. Each Circbord costs $9.95. 
Contact Vector Electronic Com- 
pany, 12460 Gladstone Ave, Syl- 
mar CA 91342, (213) 365-9661 
Circle 545 on inquiry card. 


16 K-Byte 
ROM from OKI 

OKI Semiconductor Inc has in- 
troduced an NMOS {n-type metal 
Oxide semiconductor], 128 K-bit 
ROM [read-only memory). The 
MSM-381 28 5 organized as 16 К 
bytes by 8 bits. It has a 450 ns 
maximum access time, operates 
off a single +5 V supply, and 
features a 120 MA supply cur- 
rent in the operating mode and 
20 тА current in standby. Com- 
patible with the 128 K-bit 2364 
ROM from Intel, the MSM 38128 
features power-down state and is 
nonclocked. All inputs and out- 
puts are TTL (transistor-transistor 
logic) compatible. 

For information, contact the 
the company at 1333 Lawrence 
Expy, Suite 401, Santa Clara CA 
95051, [408] 984-4842. 
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THE STAR MODEM MIPLOT Intelligent Plotter 


>. From Livermore Data Systems by Watanabe Instruments (Digiplot) 


RS232 MODEM uic | SPECIAL | 
IEEE 488 MODEM SALE $199 | 
RS232 CCITT $170 $1 | 95 
IEEE 488 CCITT 5280 


STAR Modem is the pnce performance leader wih 3 hull 
2 YEAR FACTORY WARRANTY. 


| | | | | Has ай intelligent functions for ane 
We carry Apple П+ from REVERSAL (Spracklen) 32K Apple | n a Pn» скала md 


| ІН 4 ; 
Bell & Howell  . aed LA 50 |  Sdid and broken lines can be specitied Character ger- 
а= | Data Manager (Lutus) 24K Apple | erator for alpha, numeric, and symbols. Characters сал be 
Histo-Graph (Boyd) 4BK Apple rotated in 4 orientations, and can be 16 sizes, Coordinate 
Apple I! User's Guide (Osborne) | of repetilions. Paralle! ASCII interface, 11 х 17 paper. 


Introductóon ta Pascal (Sybex) 
ғар е ; EPSON МХ-60 Priel 5 


Basic FORTRAN (Coan) 7. EPSON MI-TD Prislar 340 


PROGA | ШЕ MMMM Pascal lor РЕТ. —— — EPSON MX-100 Раш 770 
Branding im = r РЕТІС aM $79 | sunset of standard Pascal wih (nie machme language Centronics 739 Printer 750 
EPROM Programmer with seflware for a ROM wer | transiator lor faster execulion 16K with tape or disk STARWRITER Duley Whee! Printer 1445 
siens. Jaciodes all necessary hardware and software to ———=—=—=— ірейех Video 100 12" Monitor (28 


| қиппаг copy 2716 ам 2632 EPROMS. | EARL for PET (disk file based) $65 | ZENITH DATA SYSTEMS 
Papor- Bats Word Processer $39 95 Edla, Assembler. Relocalor Linker to generale rélacat- 718 Video Terminal 
PETICBM ful featured 60 command system by Michael | 22/2 200 code 8— -— n 
Riley. Uses either tape or disk and а inter Includes ІП- 
ut adum Maecenatis FORTH for PET/CBM or Apple $65 7-47 Qual 8" Drive 
FLEX-FILE Data Base ЮГ СВМ/РЕТ — $60 |  Alyli-leatured FORTH with extensions conformng to Forth v" 
FLEX-FILE Data Base for interest Group standards Includes assembler, strmg рис -1 
Random file handling system wilh Report Writer and Май cessing capabilities, disk virtual memory multiple dimer SYM БА5-1 BASIC or RAE-1/2 Assembler 
Label Handles By Michael Rie | Sloned arrays, float рип! and integer processing KTM-2/80 Synertek Video Board 


E502 745 10/695 50/655 100/6.15 = 
6502А 840 10/795 50/735 1006.90 
6520 РА 5.15 10/4.90 50/445 100/418 DISK 


6522 МА 6.45 10/610 50/575 100/5485 | É 
8532 7.90 10/740 50/7.00 10076.50 =a SPECIALS 

2114-1200 ns НАМ 3.75 25/3 50 100/3.25 | " А 

2114-1300 ns НАМ 415 25/290 на | CBM-PET SPELIALS кх GB аи \ SCOTCH (3M) 5% 10/285 50/2.75 100/2.65 


Ug te $375 tree тїшїм | NN SCOTCH (3M) &" 10/290 50/280 100/2.70 
2502 EPROM oe г e sth исми ef ом в] Verbatim 5*4" 10/245 50/240 100/2.35 


4118 20005 4“ нең COM-PET Homi; FREE (add 1.00 for 5%" Verbalim plastic slorage box) 

8-100 Wire Wrap | 8032 32K - НП Colum CRT $1405 7% Verhatim8" ВЫ Dens. 10/245 50/335 100/3.25 

Zerd Inserlion Force 24 pin Socket | 8050 Dual Desk Drive 1795 375 ВАЗЕ Би” 10/240 20/235 100/230 
n 4016 Full Sae Graphics Keyboard 995 170 WRITE for prices on WABASH Disks 


CASSETTES — AGFA PE-611 PREMIUM = hg ү ұлы | M 1235 WE STOCK MAXELL DISKS 
High output, low noise, 5 screw housing, labels. E 
2040/4040 Qual Disk Сима - 340K 1295 Diskette Storage Pages 10 for 3.95 


0-30 10/730 50/3400 100/6600 | 4022 Tractor Feed Printer 


тағайыны c. Sy een ca oti ATARI 800 $745 


Used CBM/PET Compulers 
VIC Personai Compuler All Atari Modules 20% OFF 


WAITE FOR SYSTEM PRICES ATARI EDUCATIONAL PLAN — Write iar бізін 
*** EDUCATIONAL DISCOUNTS *** | 


Buy 2 PET/CEM Сатана, receive | FREE | AP Products 15% OFF М 
WordPro 3+ - 32K CBM, disk, printer А P Hobby-Biox 15% OFF MN 
WordPro 4-+ — 8032. disk, printer | 
022 Data Base System for CBM 8032 тт 
VISICALC for са АТАН! ALL BOOK and SOFTWARE PRICES DISCOUNTED 
TT - ~ Зарег PET ROM ШІМ The 8086 Book (Osborne) 14.00 
; we dgüpecer аи тр 28000 Assembly Language Programmi 16.90 
Programmers Toolkit — PET ROM Ulilities Т PET Personal bu тты фота 1275 
РЕТ Spacemake И ROM Swilch PET and the IEEE-4B8 Bus (Osborne) 1360 
4 PART HARMONY MUSIC SYSTEM fer PET 2 Meler PET to (EEE or IEEE 10 IEEE Cable | 5502 Assembly Language Osborne) 1445 
The Visible Music Могао, by Frank Levinson, allows you Dust Cover lor PET Programming the 6502 (Zaks) 1045 
to easily enter, display, edil, and play 4 part harmony IEEE-Paralle! Porter Interface tor PET 6502 Applications Book (Zaks) 1045 
music. Includes whole notes thru 6dths (with dotted and IEEE-RS232 Printer Interface lor PET 6502 Software Cookbook (Scelbi) 945 
iriplets), tempo change, key signature transpose, etc. The The PET Revealed CP/M Handbook (w/ MP/M) Zaks 11.85 
KL-4M unit includes D to А converter and amplifier (add Library of РЕТ Subroutines Praclical BASIC Programs (Osborne) 13.60 
your own speaker) —-—U pers 7. ГУТУ CHE = 
O KLAR Musk Bourd with ТИИ Propria $5990 | Source Hookup over 1000 progtams/services —————— a 


Р | WRITE FOR CATALOG. 
252 Bethlehem Pike Е | | | Add $1 25 pei order Му spring W balance of LIPS surface charges 
Colmar, PA 1891 5 21 5-822-7727 A Com puters Qa а! (reped orders Prices өле ны EM (сои (4515 Regulo 


риев shghity Рет 


Сігаів 4 on inquiry card. BYTE September 1991 451 


Double Your 
| Бу" disk storage 
capacity without adding n drlve. 


Get twice as much from your H88 or 
H89 microcomputer. Our FDC-880H 
floppy disk controller, in conjunction 
with your 5%" drives, for example, 
expands memory capacity from 266 
bytes (а 512 bytes per sector. 

| And it handles single and double- 
sided, single and si rene t 8" and 
БЫ” drives — simultaneously 


Call 714/275-1272 today 
or write for details. 
CDD RA. Systems inc. 


Controlled Data Recording Systems. Inc. 
7687 Vickers Bt.. San Diega, СА 9211] 


Сігсів 55 an inquiry card. 


DISKETTES 
SAVE 40% compere int. 


| 5A" Sgl. Dens. 26.70/10 
Specify soft, 10 or 16 hard sectors 


8''Sgl.Dens. 27.30/10 


8” Dbl. Dens. 35.80/10 
Specify soft or 32 hole hard 


Add $2.00 shipping - Michigan add 4% tax 


LYBEN COMPUTER SYSTEMS 
27204 Harper Ave. 
St. Clair Shores, МІ 48081 


Authorized Distributor 
information Processing Products 


Circle 196 on inquiry card. 


CONTROL-Z 


only S750 


As&m., Tested 


& Burned-In 
lor one week 


Bn by 12 inches 

19 MHZ BüB5 CPU 

64K RAM 

$ RS-232 channels 

8272 Floppy Disk Controller 


Handles Single Double Density 
One ta Four Drives. 804 Я or 
ESOR. 


Documentation $15, 
CP/M Floppy Disk Operating System 5150 
Check оғ Money Order 


autocontrol lil 


tee | 


11744 Weatline Industrial Drive 
St Louis, MO 63141 
1514) 432-1313 


Gircip 22 on Inquiry card. 


ATARI OWNERS 


Parallel Printer Interface 
lor the ATARI BOO 
connects 10 controller jacha 3 and 4 
works wih SASIC/DOS^ASSEMBLER 
FOURA printer conneciors swadlable: 


TRENDOCM 160/206 ABP 1 

АТАН! B25: CENTRONICS 730/737 АЗР 2 

EPSON MX.-BO!/MX.70 Er ыһа 38 рю“ ABP-3 
"Fus all other parallel Cerrorucs plus 
Okidata, Anades, Hase 2 Micrintek, sic, 

{ D 5 PAPER TIGER 440 445 ABP 4 


$69.95 as ca sies m 


онын by part Humber М.С. VISA accepted 


GRAPHICS PAINTING SOFT WARE & 
ATARI 400 printer iniertates also available 


To order toll trea 1 800-944-7492 
4 п СА сай (209) 667-2688 
GQ inc.. < 


nee (қате Ae рул 
Ар ч => = ‚= 


Circle 187 on inquiry card. 


CPM COMMUAICE TORS 


LY NC" 


THE GEST AVAILABLE РНОЯНАМ 


АС-85 СР/М% SYSTEM 


Аввт., Tested 

тым $945() 
for one week 

Features: 


One board B085 Computer 

3- BABOOR* (1.2 megabytes) 

CBIOS Diskette 

Installed and wired іп a cabinet with 
P/S and Fan ready to plug-in 

Manual 

17A" М 17 Ds 10°H 

SYSTEM with 2 SA85UR [2.4 ту 


$2750.00 


CP/M Floppy Disk Operating System 5150 
Check or Money Order 


Я | 
11744 Weatline Industrial Drive 
St. Ішіп, МО 63141 
{3141 432-1313 


а CP/M is а registered trademark of 
Digital Research, Ine 


Circle 33 on inquiry card. 


WANTED: 


APPLE, PET, TRS-80, CP/M 


SOFTWARE 


Weatico is a publigher and distnoulor of 
prolessional software for microcompulers. 
Н you have à new program ready lor 
distribution or want your axistimg programs 
to reach a larger market, contact 

Philip Woellhol, V.P Mktg 

Wastico, Inc. 

25 Van Zant Street 

Norwalk, CT 06855 

(203) 853-6880 
To increase your profits, lake advantage 
of Weshco's worldwide promotion and 
distribution 


WESTICO 


The Software Express Service 


SINGLE BDARD 2-404 COMPUTER FOR CONTROL USES 


FOR CP/M COMMUMICATIONE 


СИМС m axtrarary розни pod қилы edere eat 
I E WE ERES Eee Татыр бырт trata o ot СҰМ 


Сотты C6 Мы тайт Біра Есін enam 


ТС ERROR DETECTION & н 


SEND- AUTOMA ETAT 
L'YNC Ifid Shack Aaen wrth Ul ind ъа ать іл сезе? tte а жәйі 
юда мигра ыы тыма 1 


О оаа Та олым ee 


нж Qorearper luy 4 fag інен пота 
es epa би asta hn 


[| м 
Қо ПЕР nef erage fer vot lale adr oers нікі 
мерейлі Малы e анығы «ie Gl миш БС қы 
PRICE: ге метте RE Sor Pea (олына лёд eer aor шаі diete 
tig, AIRAA Бағы? orta 8 LAS NN Мыр 
TERME: cur». ыс vA OD Ce Hab шей ны 
Pagi tag едино tasted 


COMPUTER-AID 


| ТИШИ LAVINA АЧТА DARDARA, СА 93101 — 803) 964-307? 


Wwyeg = 


Сігсів 71 on inquiry card. 


марта, AND LDCAL DIRECTORY 
(Cam dar Goin inci and samt 


BAUD RATES: UP TO 100 алад 


РАТ 
РСЕ $$ TEAMS MOWEY ORDER. CHECK. СОО), m9 À 


PED FORMAT қылды 
COMPUTER-AID 


118$ DE LA VINA, - SANTA BARBARA, СА 93101 
(805) 9565-3077 


BELF СЕМЕНАПНа ПО ROUTINES REDCUIRE NO 
CHING 


Circle 72 on inquiry card. 


1 = i = = 
Microprocessor Catalog 
ій раша спін of sh ғара brard tompie 
Ми?а Moduli. dH! rama comgpuler 
Dacslcopman!] зүнеге WIIWD millilgakieg GOS 
Bimbi сонғығыа BACC cna Gee стаяй 
camge, CHM pngisasiing. QOEM Трир А-ТЕ 
Ыта 


Wiek Сор 
lofoyena ІМ 47904 
317.742.8428 


Circie 386 on Inquiry card. 


THE CAMEO CONNECTION 
The Cameo 10 Million Cha- 
racter Disk Drive Subsystem 
(pictured in foreground) Is A 
5 Megabyte Fixed, 5 Mega- 
byte Removable Cartridge- 
Type Disk Drive. Advan- 
| tages To This Unit Are Ease 
of Backup For Data and Pro- 
gram Filesand Low Cost. By 
Attaching À Multiplexor Unit 
Several Model 1175 Can Be 
Attached To The Cameo Disk 
Ürive. For Further Pricing, 
Availability, and Operating 
Systems Options, Call or 
Write to American Small 
Business Computers and ask 
lor the CAMED CONNEC. 
TION. 


COMPUTERS 


‘NOBODY KNOWS MORE ABOUT 
ADDING MEGABYTES TO YOUR 
TRS-80 MODEL И* THAN 


AMERICAN SMALL BUSINESS 


THE CORVUS CONNECTION 


The Corvus Disk Drive Sub- 
System (center of picture) Is 
Available in 5, 10, and 21 
Million Character Capacities. 
The Corvus System is The 
Ultimate іп The Sealed 
“Winchester, All-Fixed" 
Type Drive. The Corvus ts 
Designed To Dgerate In Tha 
Harshest Environments Such 
As Factories, Oil Rigs, Etc. 
Backup Of Data Is Accom- 
plished Via Optional MIR- 
НОВ Backup Device Where- 
бү Data is Written Onto A 
Standard Video Tape Record- 
er. A Great Number of 
Model 117% May Be Attached 
To The Corvus Via An 
Optional CONSTELLATION 
Multiplexar. For Further 
Pricing, Availability, and 
Operating Systems, Call Or 
Write to American Small 
Business Computers and Ask 
for the CORVUS CONNEC- 
TION. 


THE AMERICAN SMALL BUSINESS COMPUTERS MINI-WINCHESTER SPECIAL 


The MINI-5 (being held by Corporate President Robert Webster) is American Small Business Computer's Very Own 
Disk Subsystem. The MINI-5 Offers Approximately 5 Million Characters of Information Storage and is Based Ün the 


Famous Seagale Technology ST-506 Micro Winchester Drive. Now You Can Own State-Of-The-Art Technology At Ал 
Affordable Price — Only $3800 — Which Includes Drive, Controller Electronics, Power Supply, Cabinet, Cables, Docu- 
mentation and Operating System Software. 


DEALER INQUIRIES INVITED 


Circle 17 on inquiry card. 


AMERICAN SMALL BUSINESS COMPUTERS 


118 SOUTH MILL STREET 


“ТМ TANDY CORPORATION 


PRYOR, OK. 74251 


918-825-4844 


a NEW! for 


the ‘89 from 


” MAGNOLIA 
MICROSYSTEMS 


DOUBLE DENSITY 
DISK CONTROLLER 


for both бі“ & B" drives 
only $595 complete 


including CP/M™ 2.2 


MAGNOUA MICROSYSTEMS, INC. 
2872 Thomdyke W., Seattle 58199 
(206) 285-7266 (800 4256-2841 


CP/M is д trademark of Digital Research 
Circle 198 on Inquiry card. 


FULLY 
AUTOMATED 
BARCHARTS 


Use the TBAR program with your 
CP/M system and Diablo printer 10 
produce fully automated bar- 
charts. Produce professional 
quality charts іп two colors with 
many special symbols and 
features. 


л du ИИ A m йй 
|BEGIN œ| Woontract маға | | 
tease 1 | БЕН WN жн | 
JPHASE 2 | 


Price: $175.00 


JMCA Software, Inc. 
4717 University Dr., NW 
Suite 106 
Huntsville, AL 35805 


Clrole 182 on Inquiry card. 


CHI Bn, LED 


THE INFLATION FIGHTERSI 
— RAM 


4116 2000. 8/516.25 
21141. 300n38/518.45 
4164 200»; 527.00 
— EPROM — 
2716 (5vj450n1 8/ 55.35 ва, 55.75 ед. 


2732 15«450ns B/ $13.50 ea. 514,50 еа, 


We buy from Manulacturer's Authorized 
Distributors. All Chips are fully 
Guaranteed. Cail for quantity pricing. 
Please allow up Lo 3 wks. for personal checks Lo 
cigar, 
Add *2.50 Shipping © Handling 
C.0.0, 43,00, Wash. residents add 5,4% Sales Так 
CHIPS & DALE 
РО. Box 31607 
Seattle, Wash. Zip 98103 Master Charge 


1-206-524-9126 VISA accepted. 


Circis 60 on inquiry card. 


COMPUTER SHOWS 


SECOND AMNUAL 
NJ MICROCOMPUTER 
SHOW AND FLEAMARKET - 1981 
NEWARK, NEW JERSEY 
Sat Oct, 24 & Sun. Oct. 25 
10-5:30 PM 10-3:00 PM 
HOLIDAY INN (NORTH) 
NJ Turnpike « Exit 14 
(Take Route 1-9 Зеллса Road - Follaw Signs) 
REGISTRATION $5.00 · 
FLEAMARKET ONLY $3.00 
Fieamarkel Permils $5/Spol 
(includes Admission) 


Commercial Exhibits e User Groups» f leamarkel 


SECOND ANNUAL 
| NATIONAL "BO" MICROCOMPUTER 
SHOW (FOR TRS-BO* USERS) 
April 29, 30, May 1, 1882 
NEW YORK STATLER HOTEL 
NEW YORK CITY 
| 100 Exhibit Booths » Spsakers e User Groups 
"ТЯ5-80 № a Trademark of Tandy Corporation 


For Registration, Exhibltor or Fleamarket 
Inlormalion Contact: 
KENGORE COHPORATION 
3001 Route 27 = Franklin Park, MJ 08823 
(201) 297-2626 


Percom's 
Double-Density 
Disk Controller 
Available Soon! 


Under 


$300 


See our full-page ad 
(о: Z drives in this issue. 


PERCOM: 
Quality disk drive systems 
since 1977. 


Circle 288 on Inquiry card, 


C. U. WRITER 
TRS - воз 
Color Computer 
WORD PROCESSING 


USER MODIFIABLE EX, BASIC W/PAGE 
FORMATTING, МОЧЕ, TABS, DELETION 
INSERTION, БІЛЕМ, SEARCH & EDIT 
CENTERING, INDENTING, PAGE PAUSE 


ASCII CODES, JUSTIFY, 32K OPTION 
THIS AD PREPARED WITH C.C.WRITER 

Dist: TRANSFORMATION TECHNOLOGIES 
1TRS-BO is a TM of Tandy Corp. 


$30 Check or М.П, to 
C. C. WRITER 
194 Lockwood Ln. 
Bloomingdale, IL60108 


Circle 363 on inquiry card. 


HP-B5'5 

HP-B3'* .. 

НР:9895 Dua! B^ Drives 

НР-8282 Dual 5" Drives ,., 

HP-7T225B Plotler њине 

Apple | + Campulers 

LOBO Disc Drives ....,. . 

EPSON MX-70 Printers 
with Apple 7/0 

IDS 4456 Printers ...... 

МЕС Spinwtilers 
wiih Tractors. „nanan 

(DS 4606 Printers 

(05 5606 Printers ....... 

C ITOH Starwriter 26" 

COS 300 Оџаі 6 Drive computer with 
&K RAM, OASIS, СРМ 2.4MB Disc 
memory, 2 serial ports, 1 parallel 
part and a imm. 
910 CAT . v cO „С! for price 

CDC Lark Subsystams .. - -Gah far price 


Meades | 
DATA SYSTEMS 


“THE COMPLETE SYSTEMS AND SUPPORT TEAM" 


Мард 1 LE LL ЛЕМІН rg ITI IER E |. т цч 


Clrcle 209 on Inquiry card. 


HOBBY ROBOTICS' 


Shoppers Mart 
— For the SERIOUS Hobbyist — 


SAO Мөтіірііт 
Ougarimrip Kreps 
ұйы арайы of 
міні әбей. 
pM up етир 
58 00 


Hobby obuia” Poni Бақалы Dire 
Bey Crew ы! of етир. ны. 
phone (uir vba eet Kx Като 
head рата pheme Онан уат oa 
E шір Only $340 ми egli now! 


| HOBBY ROBOTICS 

час зырие гист taped, OF Tema ит cna 
ялы апта tilj ра meng Ga ОСТ pm 
niet Л 10 a. pda | Peta MP атн мекке Dior 
honda Manual maty Ot lien тиг 
GHOD мила wiih | ar мам 
ІН рар ев 1 Рена Deter bry Roem мы 

E! | ЧЕ» елің Аман Coppa FRAGE 


oh 

ONLY $485 LLLI ы тайы | "ша 
HOBBY ROBOTICS 

SOME Bufotd Highway * Norcross, ба 3007) © 50414480190 


Circle 161 on inquiry card. 


FLEXIBLE DISCS 


WE WILL NOT BE UNDER- 
SOLD!! Call Free (800)235-4137 
for prices and information. Dealer 
inquiries invited and СОР 


PACIFIC 
EXCHANGES 


100 Foothill Blvd. 

San Luis Obispo, 

CA 93401 In Cal. 
Pon, сай (800) 592-5445 
db М or 1805) 543-1037 


Circis 278 on Inquiry card, 


P.O. Box 4430Х 
Santa Clara, СА 95054 


Will calis: 2322 Walsh Ave. 
ELECTRONICS |04) 988-1640 TWX 910-338-2139 
Same day stdpmanl. Arai Une parts only Factory tested 
Guaranteed толку back. Quallly IC's and olher campi- 
nents at factory prices 


INTEGRATED CIRCUITS 


structions. Also, CPU mode and instruction cycle 
аге decoded and displayed on B LED indicators 


Ап ACA 1861 video graphics chip allows you tà 


p 
а а 
ЕАН 
лы ЗЕ 


Ё? 

Г 

Besar ies 
m 
k 


| RM connect (o your own TV wilh an inexpensive video 
à " "a | rid a Modulator to do graphics and games. There is a 
^" ES СЕ... менін т Қата” speaker system wiciuded tor writing your own 
re n 224 M моланы ла "Ca un music of omg many music programs already 
ee eae Па E writien The speaker ampliller may also be used 
к ШЕ? |2 никем Dr эч, to dive relays for conteo) purposes. 

d gp ME О rna А 24 key HEX keyboard includes 16 HEX keys 

E 44 нама Mix биш (мим 

Дт] = Mur TM in Met 

E Ea mi ЕЗ Ча Bm] Шыт» 
i ЕН AAT e m. pom t This їз truly an astounding value! This board has 
4s i T и фаз i been designed to allow you 10 deckis how you 
я Wu ме ыша: an Шол t optioned. The Super Expansion Board 
| а fe а Ане, in сотан with АК of low power RAM tully address- 
' 8 WS, Е т ы able anywhere іп GAK with bullt-in memory pró- 
2 “4 tr P bs ТҮН bomen E | е Sen Ш teci and a cagsetfe імейіне  Provisians have 
d x HESS. Ян ам бе” м been made for all other options on ће sams 
мам m ORA | EE board and il hls neatly into the hardwood cabinat 
ier үне 1 = i 8718 200ns Бүйетіс ВАМ alongside the Supar EC The board includes 51015 
ы! pon | esr | 8,518.40 for up to GK of EPROM (2708, 2758, 2716 of П 
nd, Di M 2716) and 6 hilly kockated, EPROM can be used 


for the monitor and Tiny Basic or other purposes. 
A IK Super ROM Monitor $19.95 (5 avilable as 
an оп board option in 2708 EPROM whieh has 


PROM Eraser 


NiCad Battery Fixer/Charger Kit 


assemtied. 25 PROM capacity $37.50 Üpens shorted celts thal won t hobi a char been preprogrammed with а program toader: 
(with liner $69.50) 6 PROM capacity ОЗНА: т таг Charges them ур, ati « one Kil "i editor and error checking mulli tile casselle 
UL version $78.50 (with tener $100.50) parts and instructions $2.85 read write software, (relocatable cassette Ше) 
another exclusive trom Quest. It includes register 

Rockwell AIM 65 Computer gave and readout, Моск move capability and 

6502 based single board with (ШІ ASCII keyboard | video graphics driver with blinking cursar. Break 


and 20 column thermal pnnter. 20 char aiphana- 
тепе display, ROM mondor. fully expandable. 
$405.00, 4K version $450.00. dK Assembler 
"speci eel еее 

ow assem, (п 
пате $54.00. ждне АЧ іп thin имам 
with power supply $499.00. Molded plastic 
endasure 10 М both AJIMGS and power supply 


Quest Super Basic V5.0 
А new enhanced version of Super Basic now 
avadabla Quest was (he first company 
worldwide lò ship a full size Basic for 180 

Systems. A complete function Super Basic by 
Ron Cenker inctuding Позы) point capabdity 
with scigatific natation, [number rangs 
+ Ем). 32 bit integer -2 billion. multi dim 


5-100 Computer Boards 

GK Sialic Godbout Econo ПА КИ — 149 DO 
16K Static Godbout Econo XIV Ки 269.00 
24K State Godbuut Econo ХХ-24 Kit 414,00 
326 State Godbout Econo XX-32 КИ 537.00 


16K Dynamic ААМ Kit 289.00 $47.50. Special Package Price 4К ММ, АҚ Basic manipulati 2425, 
32 Dynamic RAM Ki 32800 [N power supply. сарга $625.00 ire care tmm пе 
846 Oynamic НАМ Ke 399.00 AIMES IMA'IM/Super Ell 44 pin expáanson chine language programs. and aver 75 stata- 
Video Interlace КИ $161.00 board; 3 temale and 1 male bus Board pus J ments, funchons and operations 


connectors $22.35, 


60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC lune frequency 
їй сума) lime base Outsianduig accuracy 


Video Modulalor КІ! $9.95 
Convert TV sel into a high quakty monitor w/o 
айм usage Comp, tol wius ил, 


Muitl-valt Computer Power Supply 
Ву 5 атр. = 18v 5 атр 5v 15 amp Y 
Samp. 12% Samp, tevoplion -5ұ, = 12v 
are regulMed Basic к! $35.05. KA wih chasse 
and gil hardware $51.99. Add $5 00 shipping. КИ 
of hardware $16.00. Woodgrain cass $10.00. 
51.50 shipping 


Type-N-Talk hy Votrax 

Text to speech synthesizar with unlim- 
Ней vocabulary, built-in text іп speech 
algorithm, 70 t 100 bits per second 
a synthesizer, 452320 interface 
$345.00. 


1802 16K Dynamic RAM Kit 5144.00 
Expandable to БАК Hidden refresh ме clacks up in 4 
MHz + по жай slates Add! ТБК RAM 525.00 

Tiny Basic Extended on Cassette $15.00 
(Added commands include Stringy, Array, Cas- 
spe LO etc.) 5-100 4-cipl expansion $ 9,95 
Super Monilor VI. Source Listing $15.00 


guide Over 51,000 cross refererons Free update 
service Through 1981 Dornestie postape 54 75 


Modam КН $60.00 

State of the art, orig., answer. No tuning neces- 
gary 103 compatible 300 baud Inexpensive 
acoustic coupler plans included. Bd Only 
517 00. Article in June Radio Electronics. 


Gramtin Calor Video Kit $69.95 

42 х 16 alphamumencs and graphics, up to 8 
colors with 6847 chip; 1K RAM at EDOQ. Plugs 
Into Super EX 44 gin bus. No high res. graphics. 
Ол board RF Modutafor Kil 54,98 


TERMS: $5.00 min. order U.$. Funds. taiit residenis add 6% tar. 
$10.00 min. BankAmericard and Master Charge accepied. $1.00 Insurance optional. 
Postage: Add 5%. C.0.D. $10.00 min. order. 


Circle 308 on Inquiry card. 


ФБ cpm we 0 TM. . 
Dun x can "rm 

Б 5 x t темф i а ue 
= d ee шм, : 
aren м oy ТІ T: EX eT — -— == — 

Ші 1) Қана р 40213 аи ACA Соѕтас 1802 Super Elf Computer 5106.95 

- TRAR 44 immi m c mum. a Compare feaiures befor decide 10 buy an lus load, reset, run, walt, Input, . 

а Бе 25. M: қамын 1 ies К ИО otha computer There is miss E ы. ма. monitor іші ЫРЫ D M 

1 B il ой n | sg ли ihe market today №31 has all the desirable bene- bosd displays provide output and optional high 

е ора: =з 4 aos Р Pn {йз of the Super ЕМ for so ittemonay. The Super and low address There is a 44 pin standard 
ure SM [TP TT ВІ 15 a small single board computer Ihat Goes | connector siol for PC cards and a 50 ріп connec- 
E HE iA Et мат, many Ru mor. Ноз an excellent Жүн " pr Bigl for the Quest ap i Board 

е р меч pter Вы training of learning programming with Its Power supply and sockets for all (C's are in- 

ЕГІС Misa is ices t machine language and yel it is easily expanded — cludad in the price plus a dHalled 127 pg instruc: 
ШЕГЕН ы qu N 6 m Rm memory, Full ut жыл! = ig which row includes ү fei 91 
tris VM 13 ns «Көзе eyboands, videa character generation, гіс. software into includi а senes at lessons ta 
ONE EE ЖЫП aA раа mit та =т= 
Е i E T А = : 
Fia LN 5i ithe 1 bus tumako Oi coon қау А-а step eea! sihes arè using the Super EH as a Course ol study 

Ей ы МОӘ ШИ Е Men ma № address displays, Power Supply. Audio Amplifier ОЕМ s use И tor training and RAD. 
dfe! WE bo er er 

1 ә ri M» І % 

‘= rc. rm The Supar EM includes a ROM mortor for oro- before you buy. Super Ell КИ $106.95. High 
таз | ле ЦЕ gam kading, exiting and execution with SINGLE address ороп $8.95, Low address option 
sin Y ГІ: > A ТЕР lor program debugging which в not in- $9.95. Custom Cabinet with drilled and tabelled 
E. A. 5 cluded in others at the same price With SINGLE — pleglass front panei $24.95. АЛ metal Expan- 
bi pa I STEP you can see the microprocessor chip opeta- SiOn Сайта! painted and silk screened wiih 

: = $57.00. NiCad Battery Memory Saver КН $5. 95. 
à E displays betore, during and after executing th- Ax. ery memory 


Super Expansion Board with Cassette Interlace $89.95 


AN bots and ор(ютѕ also complotety assembled 
and tested 


Questéats. s software publication tor 1802 comi- 
pular users (5 avalable by subscnption tor 
$12.00 per 12 issues. Single issues $1.50. is 
sues 1-12 hound $16.50. 


Free 14 page brochure. 
о! complete Super ЕП system. 


Moews Video Graphics £3.50. Games and Music 
$3.00, Chip B interpreter 55.58. 


paints can be uted wilh ha registar save feature 
io isolate program bugs quickly тел Тола with 
single siap. 11 you have the Super 
Board and Super Monlior the monitor is up ano 
running af Ihe push of a button 
Other on board options Include Parallel iut 
and Quipet Ports with full Bandshake They 
Bilow табу connection of an АССИ keyboard to tha 
ul port AS 232 and 20 ma Current Loop for 
teletype or other device are on board and 1 you 
need move mamory there are two 5-108 slots for 
Static RAM of video boards Also a 1K Super 
Monitor versión 2 wih video driver for Tull caps- 
bility display with Tiny Basic and з viton interface 
board. Parallel 1/0 Ports $3.65, RS 232 $4.50, 
ПУ 20 ma ИЕ $1.35, 3-100 $4.50. А 50 pin 
comnedior £s] with nbbon cable iz атаи al 
$15.25 for язку connection batween the Super 
НІ and the Super Expansion Board. 
Power ty Kit for tha complete system (see 
butoi Power Suppty). 


New improved faster version including fE- 
number and essentally uniimiled таныт 
v ап exclusive user expandable command 
(Df ary 


Senti and Paratel LO included 
Super Basic on Cassette $55.00. 


ЕН 1 Adapter Kit $24.95 
Plugs into ЕНІ providing Supar ЕН 44 and 50 ріл 
phus S-100 bus expansion (With Super Ex- 
pansion) High and low address displays slate 
and mode LED's optional $18.00. 


Super Color S-100 Video КИ $129.95 
Expandable to 256 192 high resolutinn cola 
graphics 6847 with all display modes computer 
controled. Memory mapped 1K RAM expanda 

bielo gK. S- 100 bus 1802. 8080. 8085. 280 etc. 

Dealers: Send for excellent pricing margin 
program. 


Editor Assembler $25.00 
(Requires minimum of АК for БА plus user 


source) 
1802 Tiny Basic Source |) ШІК) $19.00 


Super Monitor V2.02.1 Source Listing $20.00 


FREE: Send for your copy o! our MEW 1981 


QUEST CATALOG. Include 48 stamp. 
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NEW 16K-RAM 
PERSONAL COMPUTER 


$ 2 29% ioe) жаги 


For $229" you get the new Interact 
Model “A” Computer, 16K-RAM, 
2K-ROM, 8080А Microprocessor, 
color, sound, full 53 keyboard, high 
speed cassetie, AC adapter, R.F. 


Modulator, Black Console Case, 90 
days parts and labor warranty, 
owners’ guide, FCC approved. 

15 DAY FREE TRIAL Return within 
15 days complele and undamaged 
tor refund of purchase price. 


PROTECTO ENTERPRIZES 
BOX 550, BARRINGTON, IL 60010 
PHONE 312/362-5244 

TO ORDER 


Circle 301 on inquiry сага. 


ға Wa Pars а. Ж 


49 m BOARD EXCHANGE WARRANTY ON 
qu & SYSTEMS GROUP COMPUTERS 
А testad duplicata board will be sent vis 
UPS ӘМЕ LABEL Servire Ж: оғы 

GODGOUT Systarm include OMA CPU,64K-10MES 
Ram {expandable eo 912 uem а vm 
troller. 2 serial ports, IEEE 5-100 Single 
Unit 12 Slot Mainframe & Dual 8" Drive Cab 


3995. 
CPU GHz 6068/3085 Syntes w/CTM'2.2 4095. 
Іс 


SYSTEM 1,11, (ПІ. PT 
"MT. SYSTEM МЕ, [2)8H0]1H'a ТИПА 295, 
ТО) 910,912,920, Е 950 Eest Prices 
ALL PRICES & ӘРІГЕ, SUALLT TO CHANGE 

Е, p at uu Бреге 


тараттық А. "CR Ор 
RUE ез (74s 5 


Cirale 329 on inquiry card. 


68KFORTH 


New SYSTEMS LANGUAGE for 
ERG 68-696 CPU апа 
Motorola's КОМ boarc 015, 
Compiler, Monitor, Assembler, 
Interpreter, Virtual Memory, 
Screen Editor, OBL Precision 
AÁriihmetio and тоге, 
FORTH-79 Standard Vocabu- 


lary. 
$795 


Empirical Research Group, Inc. 
PO Box 1176 
Milton, WA 98354 
206-631-4855 


Сігсіз 138 on inquiry card. 


MULTIBUS for SALE: 


SBC 86/12A ...... $1200 
SBC 80/30 ........ $ 450 
SBC 064 ........ $ 900 
SBC 604 

SBC614 ........ 

ВЕС 556 ........ 


Much more іп stock, We buy/swap/ 
sell any/all computer systems. Add 
2% for shipping/handling. 


Oracle Electronics 
& Trading Co., Inc. 
467 Hamilton Ave., Suite 22 
Palo Alta, СА 943D1 
(415) 321-7650 


Сігсіз 133 on Inquiry card. 


ISIS <—> CP/M& 


Full bi-directional file transfer capabilities 
are provided |n the 1515-СРҮМ utlities 
package. Written in machine lanquage 
and running under CP/M, these utilities 
permil the CP/M user to read or write files 
direct to‘lrom an ISIS Diskette, They will 
run under any version of CP/M without re- 
рагі (© diskette density. The complete 
is $250.00 including user's man- 
rita for free brochure on other CP/M 

pets аге. 


CP 1 cort 
біледі саиди 


SOUTHERN 
COMPUTER 
Ф | SYSTEMS, INC. 


(205) 


Circla 333 on inquiry card. 


IC-IRS will Find it 
ІСІМЕ $17.50 (980 СЫОВ 124.05 


| KARG by мало Сүйнмгініса Is THE Information Роба 


Syetem for ант and relieving entries with large 
amounts of FREE FORM TEXT, such ая ABSTRACTS; 
CORRESPONDENCE FILES (with complote letters: Al- 
(олына CASE NOTES, CONTRACTS, WH LS; MO'5 and 


ӛсізгінга JOUANAL ARTICLES, от any olhar aimitar 


type of information. EASY TO USE. 
COMPUTERIZE your CARD FILES of MAIL LIGTS. 


IC4ARB rom аз & "com^ Ше on СРМ" compaire 
нүнінте with 2 dah drives and 12K memory (CHAIRS із 
ичтеп іп CONVERS for insat вкесійюп Ht saarches the 
#34 болу 1980 COMPUTER MAGAZINE ARTICLE DATA 
BASE in 25 seconds: шыра combinallons of KEY WORDS 
wiih up 10 65 “and“s and 32 "ar", 


Ge CARS and the 1980 COMPUTER MAGAZINE ARTI. 
CLE DATA BASE (1000 СМОВ) cn шиповані 8780 disks ar 
5 14" (Жыла In severe) popular formate, 


KAAS 2.0? with mana = $37.40 + $250 postage 
1980 CHOD = $29 95 [no ромася with 10-1 


Сан (512) 258-8310 and оза pour MASTERCARO o VISA, 
usb ihe bingo card ғы wrile te 
FYI, INC. 
Р.О. боз 10986 #615 
Austin, Texas 78786 
ЕРІМ ig a molas redemars of igla) Rasen 


Circle 146 on Inquiry card. 


RS-232 PROBLEMS? 


е 


LET THE RS-232 TESTER HELP YOU 
SOLVE YOUR COMPUTER INTERFACE f 
PROBLEMS. DESIGNED TO CONNECT 

IN SERIES WITH ANY RS-232 INTER- 
FACE, IT DISPLAYS THE STATUS OF 
SEVEN OF THE MOST IMPORTANT 
LINES: TRANSMIT DATA, RECEIVE 
DATA, REQUEST TO SEND, CLEAR TO 
SENO, DATA SET READY, CARRIER 
DETECT, ANO DATA TERMINAL 
READY. THE AS-232 TESTER RE- 
QUIRES NO POWER AND MAY BE 
LEFT IN THE LINE PERMANENTLY. 


$39.95 POST PAID 
B & B ELECTRONICS 
BOX 476/MENDOTA, IL 81342 


Gircle 35 on inquiry card. 


Serial Printer Interface 
ч% 
“ts A. (RS232C' lor 
' APPLE 1" 
only 1179; 


"б ОМ BOARD SOFTWARE provides 

“ТОР Of FORM & AUTO PAGING 
-LIST ита! fex program (stings inserts dor 2 
blank (nesafier any user spected program Lire) 
"HARD COPY reproduces screen lex] on printer 
-INPUT from punters wih keyboards 

*32 DP SWITCH ievers setect ALL printer injertate 
paramens сойтіп ine Hnes/page veriical 
manes and more 

BAUD rales between 70 and 1500 

*eOutput lunctions selected wa ATTRACTIVE color 
coded CONTROL PANEL [his under keyboard] 

eContip panel and 7 H printer cable included 
ORDER NOW or send ! MORE (INFORMATION 


вар а ina. CO resides add Жа saws Тал 

% сее orders aged 10% 
Wi 39 ti #0151 С VISA COD MO 
1303) 985-4159 Personal Check iadd З whist 


* Amin VU adeinath ol Apple Computer inc 


Circle 315 on inquiry card. 


LOWEST POSSIBLE PRICES 
BEST POSSIBLE WARRANTY 


model Wii 16K 


‘839 


computer 4K 


310 


245A Greol Rood 
ИЯюжол, МА 01460 


WUS 0.6. моз 


Circle 77 оп inquiry card. 


2716 EPROM 1-9 i 2708 EPROM 3SUPPLY 2732 EPROM 1-9 10& 


UP 
Қүл Reo ano] OD ANTE. 17.00 1800 
қ | MITSUBISHI 16.00 15.00 
MOTOROLA 45 7.00 6.00 | 1-24 25-99 1008 UP 
NATIONAL + 7.00 6.00 | 350 320 290 | МЕС 16.00 15.00 
ТІ 3 бирріу 7.50 6.00 


16K x 1 DYNAMIC RAM 


74LS SPECIAL 


2114L STATIC RAM 


15178  .75 
1Kx4 1-31 99 &UP п e 
МЕС UPD 4166-2 200NS * LS241 1.15 
HITACHI 200NS 2.85 2.60 2.35 LS8244 100 

1-31 2.50 100-499 2.10 |iNTEL 200М8 3.00 285 270 
- ЗО 500&UP 1.90 | қ 45245 1.95 
Seas oues NEC 250NS 300 2.85 270 TEL 


74LS244 1.00 
7dL S245 1.85 
7415247 110 
7415248 1.10 
7415249 1.69 
7415251 1.78 
2915253 ‚ЭВ 
7415257 .9В 
7415268 Эв 
74(525а 2.95 
7445260 .89 


740925 
741500 i5 
74L801 .28 
74L502 ‚28 
74503 ‚28 
741504 «39 
74(.505 ‚28 
?а 508 39 
74LS05 398 
746510 .28 
74(811 ‚39 


7415107 ‘ 
7415108 AB 
7415112 .49 
7415122 55 
7415123 1.19 
7405126 1.36 
7815126 88 
7415132 478 
7415136 459 
7415138 89 
7415139 89 


280-Р10 6.00 
2ВО0А-РТО 7.10 
280-СТС 5.00 
ZBOACTC 7.10 
280-3ОМА 1850 
ZBOA-DMA 22.50 
ZBO-S10/0 18.50 
2ВОА-510/0 22.50 
280-510/7 18.50 
ZB0A-510/1 22 50 
2В0-510/2 18.50 


4531 
4532 
4539 
4543 
4553 
4555 
4556 
4583 
4582 
4584 
4585 


Z2B0A-5170/2 22.50 4702 741512 39 | 7415145 1.25 | 7415261 2.49 
3205 3.86 74CQO 741513 а? | 7405148 1.49 | 74( 52665 .59 
3242 10.00 74C02 74(514 1.25 | 7415161 728 | 7445273 1.76 


74LS275 4,40 
7415278 „59 
7415283 1.10 
7415290 1.29 
7415293 1.95 
7415295 1.10 
7415298 1.29 
7415324 1.75 
7415347 1.95 
7405348 1,95 
7415352 1.65 
74.5353 1,65 
7415363 1,49 


7415153 .79 
741.5155 1,19 
7415156 -99 
74L5157 29 
7415158 ‚78 
7415160 BB 
7415161 1.15 
74LS162 98 
74LS163 ‚98 
7415164 1.19 
7415166 .89 
7415166 2.49 
7415170 1.99 


741515 -39 
74L520 28 
74LS21 238 
741522 ан 
74L 526 ‚39 
741527 38 
74841528 ‚99 
JALS3O .26 
JALS32 ‚39 
746537 ‚79 
74.538 39 
741542 .78 
741547 „#9 


74соа 
74С08 
74C10 
74C14 
74C20 
74030 
74C32 
74C42 
74C48 


8155 11.25 
8185 29.95 
B185-2 39.95 
8202 45.00 
8205 3.95 
8212 2.00 
8214 4,95 
8216 1.86 
B224 2,65 
8225 1.85 
B228 5,00 
B238 5.45 
8243 4.65 


74C73 
74074 
34CB5 
J4CB98 


B2514À 5.55 74C90 7ALSAB „79 | 7415173 89 | 7415365 .9З 
8253 9.85 74C83 7AL S51 .26 | 7415174 89 | 7415366 .99 
8255A 5.40 74C95 741554 .35 | 7415175 75 | 7415367 .73 


74L5368 73 
7415373 1.16 

7415374 2.75 | 
741.5375 69 | 
7415377 1.95 
7415385 1.95 
7415386 -65 
74L8390 1.95 
74L5393 1.95 
74L5395 1.70 


7415101 2.20 
7415190 1.15 
7415191 1,15 
7415192 ЭВ 
7415193 38 
7415194 1.15 
7415195 .95 
7415196 .B9 
7415197 .B9 
74LS221 1.49 


74LS55 -35 
741573 „45 
781574 -59 
241575 88 
741576 „45 
741578 45 
741583 488 
741.588 1.19 
741586 .45 
741590 .75 


74С107 
| 740151 
74С154 
74С15? 
74С160 
74C161 
74С163 
74C164 
74C173 
74C174 


02554-5 5.40 
8257 9.25 
8257-6 9.25 
8259А 7,30 
9277 60.00 
| 8275 32.95 
8279 10.80 
8279-5 10.80 
8282 6,70 
8283 6.70 


8284 $.85 74C175 741892 75 | 7415240 -T.15 | 7aLS399 2.95 
8286 6.70 74С182 7415583 -75 | 741.5247 115 | 7415424 2.95 
8287 8.70 74C'193 741595 88 | 7415242 1.95 | 741565666 1.75 
B288 25.40 74C195 741596 ‚эв | 74.5243 7415670 


8289 49,95 


HANLEY ENGINEERING 


(206) 643-0792 
13400 NORTHUP WAY #22 
BELLEVUE, WASHINGTON 98005 


MINIMUM ORDER $10.00 
INCLUDE $3.00 FOR U.P.S. GROUND 
$4.00 FOR UPS BLUE or 1st CLASS MAIL 
Washington State Add 5.4% Sales Tax 


FOR THE FINEST IN MICROPROCESSOR SUPPORT I.C.’5 
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“6809 Small C Compiler 


Ш Ganerates acurmbly language source output 
ш Requires only 16K memory 

B Library functions in source coda 

M Сапега position independent code 

@ Supporte most C Functions 

B Generates ROMmable code 


INTRODUCTORY PRICE 175 
specly 5 or B inch diskette SSB or FLEX 


TERARI Chach or Money Order. Cahifornad тәніміз 
aad EX., COLD. eee eda $2.50 қырыл @ andina. 


DUGGER' — — 


POET OFFICE BOX №6 SOLANA BEACH,CA WHOS 
714-755-4373 


Анны soun: Basie to C Converter 


Circle 126 on Inquiry card. 


ОАТАРОІМТ 


| 1134 Diskette Systems 


16k Processor with Four Diskettas 
{1 Magabyte). BO CPS Matrix 
Printer. Nationwide maintenance 
available. 


$2,645 


SOFTWARE АУАПАЩЕ 

ОК OPERATING БҮ STEM 

SORT UTILITY 

БАМ UTILITY 

ALSO AVAILABLE FOR $230 EACH. 

Д/Р, AR, СЕМЕЙДІ LEDGER, PAYROLL, TIME 
ACCOUNTING, AND INVENTORY 


AMERICAN COMPUTER EXCHANGE 
100 М. MAIN ST. BOX 52 
CHAGRIN FALLS, ОН 44022 
218-247-2100 


FULL PERFORMANCE CP/M* computer 
$1995 lisi 


daalarc-distributor discounts 


ә 
As Alspa Computer, Inc. 
5215 Scotts Valley Drive 
Scotts Valley, СА 95066 
(408) 438-3326 


*trademarks of Digital Research, Inc. 


Circle 15 on Inquiry card. 


LABELS 


perM 


15/16" x34" white pressura 
1 up - pin feed sensitiva 


PRICE INCLUDES SHIPPING 
Packed БМ per box - Min. order 1 box -514.75 
Check with order - Mass Residants add 5% Sales Tax 


*"«CHECKK-MATE ° 
A Р.О. Box 103, Randolph, МА 02368 
Telephone: 617-963-7694 


Gircle 58 on Inquiry card. 


DIGITAL PROPORTIONAL 
CONTROLLER 
7 BIT TTL/CMOS INPUT 
OPTICAL ISOLATION 


INTERFACE COMPUTERS TD MOTORS, 
HEATERS, LAMPS 


120 МАС 240 МАС 15 АМР 


3715 WHITSELL AVE. 
PALO ALTO, CA 94306 
(415) 493-0779 


Circle 98 on inquiry card. 


1981 
DISCOUNT 
ELECTRONICS 
CATALOG 


JOIN THE PAK! 

Sand for our Free catalog and become a 
member o! our exclusiva Pak. Our | 
members rocelo Poly Paks’ | 

exciling calalog several 

limes a yaar. We oltar: 

Penny Seles. Frew 

Premivms and Low, 

Low Prices on а wide variety ol ; 
Electronic Producte auch as Computer Periph: 
serais, Integraied Cireulls, Speakers, Ашак 
Equipment, Rochargenbia Balleries, Solar Prod- 
ucts, Semiconductors, and much, much more! 
Take advantage of cur 25 years as America's 
le«amost Sopplier of discount elactronics. 
POLY PAKS, INC. — 


Po ШШЕ pip HEB 


_ № СИНИН HELD. МА 0150 tél 7] 24%- заро 


Circle 294 on inquiry card. 


A 
PROFESSIONAL 
MICROCOMPUTER 


THE BEST VALUE ON THE MARKET 
* 280 AMHZ * 64К RAM 

* DUAL 8" DRIVES 4 1.2 MB STORAGE 
e 2 SERIAL VO * 2 PARALLEL VO 

" OPERATING SYSTEM AND UTILITIES 
MICRO BUSINESS ASSOCIATES. INC 
500 SECOND STREET 

SAN FRANCISCO, СА 94107 

415-957-1343 


Circle 217 on Inquiry card. 


BIBLIOTEK 


The Bibliographic 
Management System 


inciuded journals. Diks and утрата 
ipatenis, technical reapers, government 
docusmonis avallab^, spon, 

А minimum of 400 references per bibliography 
Rapid citation entry thraugh mulll page video 
larms 

Search by authors, tithes, editors, dates ander 
ha pws 

User detined output Tármats 

Requiras JAK Appiè il, ROM Applaesn(t & two 
gives 

4300 00 


Scientific Software Products 
2171 Donsid Avenue 
Andisnepolis, IN 46224 
(317) 229-0407 


Надя" аля“. 140 Patr Dee "шаға мо ee 
кре ete? RI pas gue Dur з n! Asp e [etd 13 13 


| У 4—7 аме rh дж А: I d 


Circle 320 on inquiry card. 


interFace Converts 
Your Typewriter 
into Printer 


[4 


TRS.B0*, Аррм" 
= Write or phone гог more Information, todayt 


-- U.S. and woridwide sales — 


ч 
+ i 4 
A. ІНТЕРМАТІОМДІ INC. 
IPEX 16140 Valerio St. 
Van Nuys, CA 91406 USA 


TEL: 213/7040020 TLK? TWH: 810-395-1767 


Circle 178 on Inquiry card. 


WE WILL МОТ BE UNDERSOLD 


FOR TRS-80* Моде! | NEC SPINWRITER 
DISK DRIVES CCI-100 5'A" 40 Track(102K) $299 PRINTERS Leiter Quality High Speed Printer 
Se ыы Н.О. $2395 
ADD-ON DRIVES FOR ZENITH 2-89 R.O. with tractor feed $2555 
CCI-189 5744 40 Track (102K) 5394 E SSR with tractor feed $2795 
2-87 Dual 574" system $995 
NEC SPINWRITER 3500 Series, 5 new models SCALL 
EPSON MX-70 MX- BD MX-BOF T MX100 SCALL 
PAPER TIGER 
Exlernai card edge and power supply Included. 90 day warranty/one IDS 445 Graphics & 2K buffer $ 695 
year on power supply. 105 460 Graphics & 2k buffer $ 799 
IDS 560 Graphics $ 999 
RAW DRIVES ANADEX DP-8000 5849 DP-9500/01 $1295 
5%" TEAC or TANDON $ СА. РОМЕН SUPPLIES — $CALL OKIDATA 
Microline 80 Friction å pin feed $ 415 
DISKETTES — вох ot 10 Microline 80 Friction, and pin & tractor feed $ 500 
514” Maxell $40 BASF/Verbatim $26.95 Microline 82 Friction & pin feed teed 5 615 
8" Maxell $45 BASF/ Verbatim 536.00 Microline 83 120 cps, uses up to 15" paper $ 849 
PLASTIC FILE BOX-Holds 50 5'A" diskettes $19.00 CENTRONICS 739, new model with graphics 5 749 
PLASTIC LIBRARY CASE Би" $3.00 8” $ 4.00 C. ITOH 
HEAD CLEANING DISKETTE $25.00 Starwriter | 25 cps, parallel interface $1449 
FLOPPY SAVER $11.95 RINGS $ 6.95 Starwriter | 25 cps, serial interface $1529 
Starwriter 11 45 cps, parallel interface $1829 
16K RAM KITS 2 tor $37 $19 Starwriter 11 45 cps, serial interface $1949 
200ns for TRS-80/ Apple Il, specify): Jumpers 52.50 
n а PRINTER SPECIAL 
SYSTEM SPECIAL SEIKOSHA GP-80M List $399 You Pay 5218 
Apple II Plus 48K w/drive and controller. Epson MX-80 printer and 
interface. SUP-R Mod RF Modulator: List $2965 You Pay 52299 MONITO RS 
HOWELL 9" B & W BHD911 5195 
MOMS TERS TENS SCALL LEEDEX Е, са 54 каз 18" Green Screen $159 
ZENITH ABK, poe ВИНА i wot SANYO 9"B&W 5149 12" Green Screen $238 
ZENITH 7.19 $ 725 127B&W $219 18" Colar $406 
TELEVIDEO 910 5559 920C $ 729 950 $1039 ZENITH 13" Color $349 12" Green Screen $129 
IBM 3101 Display Terminal 5118 TELECOMMUNICATIONS 
ATARI 400 $ 429 800 5 795 LIVERMORE STAR MODEM 2-year guarantee $125 
MATTEL INTELLIVISION $ 259 UNIVERSAL DATA SYSTEMS UDS-103 $179 
APPLE PERIPHERALS S CALL 
D-CAT HARD WIRED DIRECT MODEM $189 
$-100 CALIFORNIA COMPUTER SYSTEMS рро 197" Direct Connect Modem ы 
D.C. HAYES MICRO-MODEM $295 
D.C. HAYES SMART- MODEM $235 
СС! Telnet Communications Package $135 
APPLE ACCESSORIES AND SOFTWARE 
VISICALC $155.00 DB MASTER $159.00 
2:80 SOFTCARD | $259.00 
VIDEX BOARD $259.00 
KEYSOARD ENHANCER $110.00 
| 16K CARD $169.00 
| APPLE JOYSTICK $ 49.00 
MAINFRAME Model 2200А $349  SUP-A MOD $ 25.00 
Z80 CPU Моде! 2810 $259 CCS CARDS $ GALL 
MOTHER BOARD Model 2501 5106 GALAXIAN $ 22.95 
16K STATIC RAM, 200ns Model 2116C $309 SPACE ALBUM $ 35.00 
32K STATIC RAM, 200ns Мода! 2032C $618 ASTEROIDS $ 17.95 
64K DYNAMIC RAM Моде! 2085C $580 FLIGHT SIMULATOR | $ 29.00 
FLOPPY DISC CONTROLLER Моде! 2422А $345 WIZARD & PRINCESS j 5 28.00 
EXTENDER BOARD Model 2520K $ 52 SARGON 2 $ 29.00 
2P + 25 1/0 Model 271ВА $309 MYSTERY HOUSE $ 24.00 HI-RES FOOTBALL $ 35.00 


For l'as! delivery, send certified checks, money orders or call to arrange direct bank wire transfers. Personal or company checks require two 
lo three weeks to clear. All prices are mail order only and аге subject lo change without notice. Call for shipping charges. 


DEALER (NATIONAL/INTERNATIONAL) INQUIRIES INVITED Send for FREE Catalogue 


The CPU SHOP TO ORDER CALL TOLL FREE 1-800-343-6522 

Г TWX: 710-348-1796 Massachusetts Residents call 617/242- 3361 
5 Dexter Row, бері, В09М Technical Information call 617/242-3361 
Charlestown, Massachusetis 02129 Massachusetts Residents add 5% Sales Tax 


Hours 10AM-6PM (EST) Mon.-Fri. (Sat. tili 5) Tandy Corporation Trademark/" Digital Research 
Сігсів 86 on inquiry card. 


database manager 
for TRS-80 Model I 


a CREATE random access diak files 
15 fields or 255 bytes/record 
Files can span 4 disk drives 
Password protectod fila access 

e Database DIRECTORY displays al! 
usar files and their attributes 

а Powerful TRANSACTIONS ~ add, 
edit, read, delete & list recards 
Efficient binary tree sorts 

s Sophisticated QUERY with multi- 
kay relatianal & logical operations 

s REPORT formatter requires only 
for usar to select desired fields 
Automatic sub & grand totals 
May be used with lower casa 

» Entirely MENU ORIVEN operation 

s Extensiva error trapping routines 

e Usar arianted instruction manual 

а Requires 32k—2 disk drives 


introductory price $59.95 


Visa and MasterCard асспрсп2 


mentor software 


815 McLano Ave — Morgantown, WV 26505 
Tandy Corp. Trademark 


" | МІРГЕ 
PRIAM **COMPUTER SURPLUS** 
Disk Subsyateme ААА, 


РИС... "ч Brand new Perkin-Elmer 


(SMD interface available) No. 550 terminals 


lowesl cosl and grealest established rolig- —priced ridiculously low. 


bility for H.P, DEC, Apple, 2-90, 8085. . and 
$0 on. Call us for a quote. 


We can show you how {п overcome CALL VICTOR CLOUGH 
“toraign disk” ty worries. 
_ M ——À rS T = = (216) 473-0866 


14А. 5-100 Power Supply Kit Also buy scrap computer 
input: 95-220УАС, 50/80 Hz systems, printed circuil boards, 


« 35 connectors alc. ... 
үн rm e dum $29 LARGE VOLUME ACCEPTABLE 


Includes: UL Spec. Translormer, Rectiflers, DATA HARDWARE 


Computer Grade Capacilors. AFI line Miler, 701 Beta Dr. #4 


C Cleveland Ohio 44143 
ADVANCED TECHNOLOGY ініні 
736 Loma Verde, Palo Allo, СА 94303 дезстевфорьааееавтарйфжтатеанттейше 


415-403-5930 
Send 36 сі SASE Гог our 16 page flyer. DEALERS WELCOME 


Circle 212 on Inquiry card. Circle 10 on Inquiry card. Circle 101 on inquiry card. 


ARE WE CRAZY? 


КО, WE ARE ПОРОХ, tho people that bring 
іш упш a a&ysLem With Бо many Гөлінтен, it 
юй gall for bic As puth [like nume of 
our coBpelilors 42), Vm етв hlgh qual- 
ity ped not have a high price, сиг 
В it! 

For just 1695.00, you'll get a 5-80 
myniem with біш of RAH, amd up la OK of 
tank-salected PROM. The tuc tidirwectlona] 
пати} 181 ports int you interface іс alsogt 
anything, Thu beslo нунілі іш equipped 
With one ED D^ Atek drive, bul con oapily 
te expanded to [our giving ane nogalytu of 
on-lina 4lorBgr, You Will бачо и apolet 
buiwenen an 00х24 termingl sianinting video 
ілістіпсе, or tw serial poris, Èr even 
toth (oi on wzira charge]. 

Our кудінае vill run CP/M nnd а/м, 
And ме include pur quarton BIOS and ADS, 
flum many othar useful sysien utilities, 


CP/M" Compatible 
$GOLD DISKS 
Z-80 Software 


EAGLES 7? RAIDERS 7 
ООО уз + НАМЕ 7 


ii үш в це anos NOR. burhorg Vier Ted gie 


Won PROCAP end your ТА5-00” pou tan гыр ыаһтыса ari 
Py Tory Nr peel fna iesu Б? тыл еті beg 
Pim Ала more. РВОСАР 
Grey Наар дені Займы (girar for arebry 
aduana Footing Leagug Wan 


Punicis rre pi rents and ona aec tor 
енен game 


2-80 Disassembler $1 75 М 


рра 
creates assembly language source files 


Sere romae намеде ui any "em TRE 

(reat bay pun chis) 

Gn up-i ыштын зілік 

ang raungs lor ДЕР APL ynam 
РӘССАР ib тылу Ну uiii k^ coran wi mimos боты т 
ба» or сазым opnam a onby Ей ВА 
Fo wie raf pur wu һар тылын: MO анау бесі 
quani ып vga rant әне 
Du (600) 543-3000 operate 8060 
4n Oed fnar (ЙІ ЗА? СМ оралдым 400 


Е-2 Text $ 75 ы 


| pod 
unique texi llle word processor 


Bower-Stewart 


& Associates 
POST OFFICE 8OX 1389 
HAWTHORNE, CALIFORNIA 90250 
эшш 213/676-5055 mm 
УРА Trademark | 
a) Одна! Research №. 


KLGFOX 
PO BOX өз 
SAN LUIS OBISPO, СА 03408 USA 


алі ілең 4; 754, ED Ме ipe o GTA CAPE vira mi 
= Үн NeAPu CH) Ман РИ 


Tha Тен Сапарым Cibi а Фое Ар! Банан 


(805) 538-7449 


flete: G/H and MP/N are both tradmmarka of 
Digital Resenrch of Pacific Urovw, СА 


Circle 366 on Inquiry card. Circle 43 on Inquiry card, Circle 185 on inquiry card. 


FACTORY PRIME STATIC RAM CHIPS 


2114 Super Low Power 
| 2005. IKRA , sas ... 1...5 2,90 
6514 CMOS 300ns. 1Kx4_.., . __.$ 6.90 


m 
6116 CMOS 200ns. 2KxB........ .. $22.50 f О Т 
Add $5.00 Handling on Orders Under $200.00 ПС = F hi H 
FACTORY PRIME сырое quit boxes High-level compiler tangues® 


32КЕ STATIC RAM CARDS " 
lor tha 5550 and 5550С BUS 10- 20 X faster than BASIC 
(16ка — 3288-12), сүү 34B.14) ELF И / SuperELF /Other 


KB BATTERY BACK UP w/assembler-editer $60 


COMPUTER 
EQUIPMENT 
& SOFTWARE 
BARGAINS 


EVERY MONTH == 


BUY, SELL OR TRADE ALL TYPES OF 
COMPUTER EQUIPMENT AND SOFT- 
WARE (pre-owned and new) among 
20,000 readers nationwide in BIG 
(11x14") pages. Classified ads are 
only 10' per word and are indexed for 
easy and fast location. Subscription: 
$10 a yaar / 12 issues. Money back 
guarantee. Sample copy, $1.50. 
COMPUTER SHOPPER 
Р.О. Box Ғ-14 
Titusville, FL 32780 

(305) 269-3211 

MasterCard or VISA subscnplion peders only, 
сә!) TOLL FREE 1-800-327-9920 


m CMOS НАМ CARDS й nl ie cta 
wo Independently addressable 32K Seq 
blacks, each with вати addressing. тыға tor $80 


SGKB - $994.56), (64КВ - $1088.64 on cassette/requires 12k+RAM 
2МН2 6809 56KB 5550 SYSTEMS $2498.29 


DISK SYSTEMS AVAILABLE 


СГХ Q 


1337 W. 371h Place = Chicago, IL 80608 
Qa 927-5510 « TWX 910-221-4055 

he Company that delivers. 
Quatity Elect products since 1975 


НІМ” е AST" a4 Кердин Fieri, D oLMp ng 


Circle 148 on Inquiry card. Circle 145 on Inquiry card. Сігсів 78 on Inquiry сага, 


"С 
SONAL 
:'OMPUTER 
000 Family 


і popular in Japan 


er programmable kays 
раған. ane serra) port 


12A rO 

RAM, expandable tg 1208 
и tus 

@xpansion 


ПА М-Оніз 
| 143K par drive 


С-ВООТА $1295 PC-3012A 
ЗОЗТА $1295 


п Olcount 


QT 
STEM H* 


SYSTEM H+ and SYSTEM- 
Byli hard disk 
tz 2-ВОА. 4 necial, 2 parallel 
Ram usesble par usar 
A тийиб OOS 
up: 1 Mayte lloppy 
Optional tape cartridge 


ОТ SYSTEM* 


42 Z-BOÀ, 2 serial, 2 parallel 
floppies. double density 

Пат, EPROM поки for R3-232 
A22 

onai Б, B, оғ 12 alot motherboard 
опа! aingie or double-sided Норрич 
iMi in—juat add video termina) 


1B) .,..... $3505 SYS*DSIO) ..... $4495 

ЗІН) ,.,.. 3095 SyS«DS(B) ... 4595 

(121... 3?R&. 575-05(12). ... 4895 
QT 

MINI- 

YSTEM+ 


тө walh 54" Иоррім МІМІ-БҮБТЕМ» (5%”) 


5510) П Г $2495 MSYS*DSIB, 1 $2795 
*S58(8) ...... 2505 MSYS*DSiB) .._. 2895 
«55(12) ,.. . 2695 MSYS*DS02). . 2995 


QT RAM+16 
16K Static, 5-100 


с switchable НАМ 
лага of happy customers 


$35 4MHzKi 5180 4MHzAAT $185 


DISK 


La 


4-2  2-BOIR, Geb. ps, f&n .....,... $1250 
8-22 2-Сылы ОТ-В, cal, pm, lan.. . 1875 
4-3 4 Cabinal, ра, fan, cables ...,..-. 325 
8-4 Саспа ол/)у....,.;............. Эй 


Ql с — ———— A 5390 
07-8 іт SREP RT ERS кроя рунете вара 585 
қаға 240 


FR ROM DMR tee tinap ee He 350 


QT 5ВС+2/4 


00 Single Board Computer 


А, 2 04 4 МНЕ. түйіс 
т, 1 рагаћа!, 1 serial 
ОМ monitor (specity) 
к. programmable timers 


1105 


“51 їл, БЕ VAMNW E AA 4m A294299 ані 


-52. 


ABT $300 


d 


STARWRITER а, 


a Dsigywheel printer 

Diato compabble Е 
* Mahonda sarvice 
в Canlronics parallel or RS-232 senal 
a сре or 45 ops. speci 


ga П £1406 5 11 1 [L| t 51500 

46-р 1 -4.4% 1750 45-5 [] t 1850 
Tractor 5200 
EPSON MX-100 

в Wide carriaga 
= Fnclion, tractor, ics 
s "Carreapondence" quality pr nt 
Unbegsbie price .. .. . "TT $795 


SEALS iS BACK 
Seals 64K Slatic S-100 


= Uses Fujitsu МНН167, 
TEK*1 slale in 20 pin 
в 75 OMA to 14M Hz 
e Complete 16 bal or B bit Поа 
a |EEE 5-100 and Crome compatible 


Us oo. uc. $1105. Now . $1050 
STATIC MEMORY SYSTEMS 
64K Static S-100 


e Seo ad, (ros iso 
т іпівггтіх НАМ and EPROM 
a 20074. very low power 


545-64К ААТ... 
ОТ 2+80 CPU 


a2 er à МН, switch 
в Monitor with jump 
в Seria part 1o 9600 baud 


ка — $165 ААТ $225 
QT EXPANDABLE + REV Il 
5-100 64K Dynamic RAM 


*2 ог 4d MHz, већ 

+ Hank pwilth, IEEE Standard 
a On board reiresh, 4 hayer РС 
* Burned in, lested, 


EXP * 165 , S270 EXP*48 , ,, 
EXP «22 ,,, . 290 ЕХР 6 , 


{Less $40—hit} 
QT t/O+ 
5-100 4 Parallel, 2 Serial 


. $550 


Ф = = = 


$310 
‚ 1 390 


+16 prog timers 
eB lavol prog. interrupt 


Bid 50 Kit .. 5298 AAT 
QT SILENCE+ 
58-100 Motherboards 


s» Full ground shield network 
+ Specily board. КИ. ar asasemplec 


5375 


В, ,.., $25 8-8 ,... .. $27 12-8, .. $0 
6-қ ose .40 BR ninasi 55 12-К. + + . 70 
BA... ‚. 00 BA 4 TD 12-й, ++ 1 90 
18-Н бұған ут ей 22-В a + +8 $75 
19-K эз 4... a 100 g2-K oat + i 148 
13-А а» case 140 24-А bor t * 180 
QT MAINFRAMES 

в 18А power supply, E- 100 
s Driva power supply 
s Specify motherboard slots 
* ЗрасНу Н“. 5%" of по Норру 
2-8" Floppy w motherboard 
МРа-8 к... % 4--Х ak + * 5525 
MFB 3 ЖЕ. artet , bea * 1 Bag 
MF8-12 ЖЕ) % 4 th ta фіз is PTS 
25%" Flonpy —w/Malherboard 

MFS-6 «ә Fhe Р MON 44ізевев ин . + , $450 
MF5-12 Іі... LÀ иона th I bi 1 500 
No Fieppy—w/Motharbpard 
MFrt2 кой оу ere ро ot Rete че ee vt 7 4 5450 
МЕ•18 (арі. аса leet ра» L jy чт rire 500 
ФАРШ. оне кайышаш» - sate үлгү - ОО 

ат 
SINGLE 

8" CABINET 
= Accents one В" Порру 
"Power supply. lan, AC pitar 
a 117v AC/220v AC 
“Әнін cable, power cablas 
DDC+H .. боса CE YAT TY ae a. $175 


SD SYSTEMS 
209 o* 
Discount оп 
A&T 


АН SD tame avcaiable 


ere 


38007 2-80 Starter Board ++ Ander kee we 5424 
38013 VDB-ROz24 (60 Hr}, ZEILE Bode = 44d 
368920 3 Expandoram ИМЕК .....,.. -.. 91D 
38023 Expandonim бак “ң%-4ж eee т р 370 
32A025 РАОМ 100.. wr а 248 
38039 — Versafiappy 1 (95-232) ,.... e»; 400 
38060 Hebe us А H (WOB-8024) .....,. 400 
38061  SBC-200 (УОВ-ВП24)_..._.......\.. 378 
38062 38С-200 (99-212) .. .,.. nas 378 


Cal! for kit, saftware, and саб! prices. 


CALIFORNIA 

COMPUTER SYSTEMS 
15% Discount 

АЙ CCS lems gevallabie 
5-100 
20Л2А 32K Sialic - 2 MHz. a $958) 
20328 J2K Stalic - 4 MHz.. -.-..-... - 647 
2116A 15K Static - 2 MHz.. “ae к. - 297 
р115а 16K Static - é МНЕ, . Pe; a tia 331 
2200A Malnitame, thu +4 aoe үзтітя- ‚ 368 
72104 System..... 4 8 vebwbwunuimnininu . 1600 
2422 Нарру ContioliBe -.,..,...... 380 
Z? 10A 4-Porn Бага) 1 += Раа «> 288 
APPLE 
72114A 12K ROM/PROM Board... ..... М8 
ТАЗА Programmable THF ............ OF 
FaTOA A/D Córmwerter..... iussis .. 108 
TADDA GPIB НЕЕЕ-48 8 -pp ep re, eT рее ane oe ү 256 
FEOOA Wite Wrap Board фа E 20 
2510A Solder Тан Board vi 4 ха 4 тт ит иф ka 1 
75204 Extender Board ae ee а 
7710A Serial Agynch Board .. .,.,...-. 136 
TT28A Centrantes Parallel Bd , 795 
781189 Arith Processor + disk... чик 355 
28116 Anth Processor • ROM.. TEM ‚ 355 


NEC SPINWRITER 55CPS 


mm only, saria! interface 


4. E LI +4 * 


wer $2500 


IDS PAPER TIGERS 


#445 ' + к = 4+ hot кт Ф = ФФ 4 ah $710 

"460 + APE” EEEE] bt Serkan bet tne yuku 1050 

25606 ‚+ fiw “-% LES кай = tapa 1300 
TELETEK 

FDC-1 Singhs Bnard Computer... ..... . 5664 

FDC-2 Double Dengly Conientier.,, , 2725 


ОТ S-100 EXTENDER 


а Wilh connecior 


Kit ‚ 50 AAT Dho ЖЕ 
CABLES 
R5-232- тата - 09 M. ,.. _,, ‚ $24.00 


R5-232 - male/male - та кабы NOTA >r +: 208.00 
Ң5-222- тағ/етіів-8Й.,... 1.1: 2800 


ADDS VIEWPOINT 
À” Smart CRT Terminal 


+ M) в 24 
т- Delechable keyboard 


The Besi for Lass. 


QT S-100 
CARD 
CAGES 


° 8 B. or 12 stot 
» Accepls Silence 1 molhar : 
> With card guides ir 
е Accepts 4" tan 

e расу with mother, with fan 


B Slot /5*1w x 1O'Ad x G"h) 


Coe het hed we - tate + ...- тт--% phen "ы 
CC 8M 444.11 t эз» n ++ 90 
CC*BM/F La им 4 e - Ó ék - SUM 
самала “Ем, 
CC +? “” re + + + + + 4 $39 
CC+EM . strar + + +74 d 44 4 , ж 99 
CG+aM/F LESE! 4... + чо 4 әз тава Fu 134 
12 Бісі {17% = 1040 я 87) 
БС... aĝ je ile TERT $67 
CC * 12M тт * 114 
ССМ 44" = ғә к pea Lee + 149 


ADES 
5-100 
HARD DISK 


а PRIAM 12508” Winchester 
s 31 MByte with CP/M 22 

ә Wilh 5-100 controller 

в Cables. cabinet, power supply 
s Full tine агата 


55 List T ‚ S5 195 Now, , қ 


2 MBYTE 
FLOPPY FOR 


9 APPLE „ша 
Petit bt TN 


+ 2 боов density, босон sided g" drives 
e Cabinet, power supply, canis, controiter 
æ DOS 3,3 compatible (Pascal and CP/M optional 
a This packages ің best, spec tor рес price for price 
Suggested List .., $2550 Now Only. .. . $2050 
SAVE $500 CP/M Paich $75 Pascal Patch 475 


ADD-ON DRIVE FOR APPLE 
a Works with Apple disk controller 
æ Functionally identical to Apple 
= Expandaetie ta 4D track 
Prairie Fire Price -.. . 
BULK DISKETTES 
є Single sida, double 


а Specify hard, soft, # of sectors 
a Зо in hundreda 


$3850 


Б". pare E” , „92757100 
Library cas 
54"... Qv BIO En 21-- .522/10 


ANTI-STATIC CHAIR MAT 


* 4x5' black, hard 
* With ground sirap 
© Мих religion —mousands of baevors 


List .... .. 5185 Special , „++ $150 


QT CLOCK/CALENDAR+ 
Apple, 8-100, TRS-80 
(Specity) 
«Date rnonlh, year 
« Day of “оек, (рар үза: 
* 24 hour or АМ-Р BI 
© 4 interrupt interes 


+ With software 
a Ном with on-board БаНегу 


S-JO/ApplTRS 2. 2... .. 

Floppy- | к арен 
Data: zs 

| и - | 

Card Edge еле гін 54 | 


Type SD • Jade 


$150 


red ee + eu 


OSC-34-1 — Single, meni asa nao ‚ $24.00 
DSC-3-2 Dual, Mim... ............ ..28.00 
DSC-3-4 Quad, Mim... . cis, Ad 00 
D5C-50-1  Singia, 8” PME 6 
«36-50-22. Dual Б”....... oos -........22.00 
DSO6-50-4 Quad, Bp" lee ә! 2) i ТЕ о 


Floppy-Data: Pin Type 
CCS е Tarbell е Teletek 


DSP-34-1 Single, Min ... eo. $2400 
DSP-34-2 Оша), Mini кажы 4 кейде { CJ 29.00 
DSP-34-4 Qua, Мен, == 4 PIER LI 
ОЅР-50-1 пон, 87 .... usus ce 2400 
DSP-50-? Ора, a нее кае» ТУТ o 29) 00 
D5P-50-4 Quad, Б" э... арама jua ЖШ 
ғ Floppy-DC Power 

РОС-8 ot jong 4 h тт ot мл 5700 

INTEGRATED CIRCUITS 

4118 (20003) ,... $2.00 8257.....,., 1795 
2114 (450nà) .. .200 8205 .... .... 1650 
2708 peeves ee ...2.50 MGIA4i1...,.. 31.00 
АЛ ЕКЕНДІГІ ‚495 
2716 (5-12V] , ...8.00 1771801 .. 24 95 
272 ........... 1300 7794401. , 3795 
4154 |20058) .. . 25 00 82350,.... . 1.795 
Z-BOA. ........ 1285 М8726 ... 259 
BOBGA. 2... ..16% 1488 ... . .. 125 
BDESA. ..... 20.00 1488...., T 
8080-4 ...  . - 60.00 03242 ^... 10 18 
ТМ89900-..- ТМ55501...... 1860 
8272 a eed 2} 350 ТАТВОЗЯ . Рт ..4.50 
B204 ...., .,. 450 6845Р , ... , 2200 
8220 ..... .......500 4118 ....., ‚ 16.95 
8238 ..... .....800 DPSXHBN ..,..,..4.00 
B251..... . ree? OO 


Ед trademark ol Apple Compuler ine CP/M aod MPM аге trademarks ol Сони Amean TAS-40 is a trademark ol Radic Shack 


MAIL ORDER: PO Box Q, Sherman Oaks, CA 91423 
RETAIL: 15620 S. Inglewood Ave., Lawndale, California 90260 
(213) 970-1476 (800) 421-5150 


Сігсів 38 on inquiry card. 


ta Block South of San Deigo Fwy. 
TERMS OF SALE: Cash, checks, credit cards, C.O.D. Calli. residents add 6% sales tax. 


FULL ELIZA For your MCRO! 


AT LIST! A FULL OT ATOA 21 чч Crees ELIRA (энин u бя шәйін 
лосу! Coque) qt ЫТ] m З) ELIZA hus Вы 


ІМ аме Dr ұсын Ғе 


sim bene us оға; dino нын paras (АГА М ine зұлым алын тағ” 
тар ГӘ саран амчыуыт ығ ғаға "оу Mor a Parra теі |ы ЛАМА Ича һөй 
pomet ж «ange of тарылды of ie ғыр 1]. ыма So Pan per ary СР 
ОЧА re t құқым? өніп Мішілі йі ШААНЫ ati: рға 
ruat Pon Жеты. reg ears 3 el an дй unch ЫН thy argum 16 Darig olent 
Voy {иг-лы Ыгы it қаралмақ Нор [МС ol оу Д5, Амал үт uad 10 hohe ima 
Рф эа IUE -L ky Gò Mini EET l^e собоч а "ылап 
Vergrüma, animo im Мысты БАС ferens 3 Жи, Кә Qe S22 06d cons Qe 
ваё согу OF EL UD ЛЫ ае TOL V AUR. іы? өтуін Palin ПҒА wPd 8/ле 
С Sdrrk Chap із serm mur! fure corgi eri асауға EP eel RP 
MEM. 1E AN Ар SAMPLE OF CULA S CONVERSATIONAL ДЕТУ, 
"КЫГА Comments ate giinki іп сш! harara 


Ан =... 
ІЧ ИНАТ мА? 


та mi cure 77 1 o 
ая ЖАСЫН алаға, 
Mig. жар pyra mf moie mr ыт PEE 
Mad а THAT'S а THD. 
іі cre Paige, Өмгі тық А НИТИ 
Wl! WOULD IF MEAN TO FOU IF VOU DOT SOME HELM 
Балым | ыс Wadih $ get "ae 
TELL ME GORE LANI ven 


Ғы arte Plat егу (шіні а iae 
MIAE FPEREUBLANLE ВО VERI SEE? 
DOES TF N LANG VOU TO LEVE | AM AFRAID DF- VAI 


Mg іштен м bh aub а} тарағаны. 
WAT И EMEN таан 


Баа DORA THAT nae KNYT кізе. toob йө Т тиф КАЗ tray 
TOUR BCH EP HD MADE YOu CORE 
шыг, eris dh RESEARCH GROUP 


921 HOHTH LA JOLLA AVENUE 
e LOS ANGELES. CALIFORMIA 90048 


1218 63 7388 i213) 554-2214 ie 
MC VISA and CHECKS ACCEPTED 


Circle 28 on inquiry card. 


CROMEMCO 
USERS 


PMSI INTRODUCES 


а РН (змат ы. dii PINE TRO SST FOR Sada, 
But vll. AND Мч ЧА: 3. 


BANKKEEPING * REPORTER 


FOR чанам Canh Нина Агыйуыз aci Cierra s 
БАЛДА комо Perut Мы Euch АМН pred 
PUSMESE Yer То [к 
Matias (а A Трае ім Менін, Fama. Ғихману 
DEMATHA Ane мны. 


FOR Риндон а Шыл Бр Қы Farms 
NOMIDUALS. Бъта» far Curnim Метин qut Yem Тп Rain 
Жан тадан, Fita of Таз тысын Hera із Wen dr а 
Сотвори Lits ой AX Так Панус йй (кетті Toc the Enim uar 
AVAILABLE pm CDOS » e CACM. РОЯ FLOPPY 

ОН HARD DRIVE SYSTEMS 
Pisci Равана im CPA's. Bookkeeping Services 
ferina Banania, Banke ала бағыңа, одак 


ew MANAGEMENT SYSTEM, INC 
Ac \ 2000 niet STREEI 
A e AR 77451 
%01 022 P208 


camp... LER Met = GOUNTS AVAILABLE —— 


out 
de 1 ‘has = hah areny “ГЕЛ 4. 


DOT MATRIX PRINTERS 
SUPER — ON 


MX-80F/T 4% NOW 
МХ-80 дш ІМ 


MX-100 ow» STOCK 


We also stock direct connect cables for 
TRS-80, Apple, Atari, Pet or RS 232 


CALL TOLL FREE 


1-800-344-7493 


In CA and for service (209) 667-2888 


Ғ ан (agua Scri died 
йылга Слить ЫМ 


Сие 188 on Inquiry card. 


floppy disks 
қ 
100% CERTIFIED AND TESTED 
PREMIUM QUALITY 


в BASF 


immediate off ita shell delivery . one рох ог 
quantily orders welcome. 


SAVE то 40% 


WE PAY SHIPPING! 
CALL OUR ORDER DESK NOW! 
Wastarn States: Los Angeles ,. (213) 469-9561 
(602) 277-5766 
Central States: Dallas,....., 1214) 988-1885 
All Офат... она оа (805) 985-9824 


MASTERCARD — YISA — COO, 


NATIONAL DATA SUPPLIES, INC. 


Circle 252 on Inquiry card. 


| Әшен! Л, ATARI 


Alsi 800 16K. „81000 16K ВАМ... . 85.00 
Меп 608 dlk... 45000 Аш 850 Іпізгізее |17800 
Дым 810 Misk... 46000 Аш ЕУ Mudem 156 00 
Aian 400 76K , 37900 Microsott Basic 1.74.00 


TELECOMMURICATWINS PACKAGES 
Base Unii, А850, A830, TeleLink | 
with 800: $1150 00 with 400: $710.00 
PLUS FREE NOVATION SUPERMIKE! 


The Ви Bucket is a company made up of com- 
puler professionals. We are able to provide 
low prices as well as technical support. Give 
us а call and lind out why we consider Ihe 
Atari the безі home compuler on the market 
loday. You won't be disappointed. 


The Bii Buchel 


Specializing in Atari Home Computers 
Р.О. Box 355 
Newton Highiands, МА 02181 
F (817) 763-3144 


Heath/Zenith 89 Users 
16K MEMORY EXPANSION CARD 
to make а 

Н:289 a 64K 

machine. 

Assembled 

and Tested 


5100.00 
COMPUTER TABLES 


60 x 28 x 18 
$186.40 
48 x 28x 28 
$162.40 
Shelves Атты 
PRINTER STAND 975.00 


SECURED COMPUTER SYSTEMS 
12011 Aclare Sc. * Cerritos, СА 90701 


(213) 924-6741 Shipping not mcludeg 


Circle 328 on Inquiry card. 


— Discounts Discounted — 


We Feature 

СРМ — Osborne — Rejas — Forth 
Micro-sof! — Micro-Pro — 
Micro AP — Fortran — 5-Basic 


Special Feature Packages 
CP/M — Peachtree Programs 


General Ledger 

Acci. Rec 

Acct. Payable 

Pay Rall $1250.00 


Plus — Sales Tas 
Plus — Shipping 


Inventary 
Mailing Address 


This sale етин wheo this ad closes. 


k 
Windy! foe пш tree с Мама 


PACIFIC DISCOUNT 


SO FIWARE 


3204-A Production Avenue 
Oceanside, California 92054 
Telephone 1214) 439-4201 


Circle 276 on inquiry card. 


FORTH FORMAT 

SCREEN EDITOR 

A MUST FOR THE SERIOUS FORTH 

PROGRAMMER 

+ All code is Forth-79 standard Each line ol code is 

Мир explained and flow-charted (Forth syle) for 

мазу modihcation 

s The editor works just like (he papular word 

processors on Ihe market except ii iz writan in high 

level forth andis confined io the 1024 byte boundary 

ol a tornih screen 

е There art over 20 (егет commands lor cursor 

pasitigáing, ext modibicabon, labs. raloca ling lines, 

pu нав, and miang limes to other screens. 
в (rysart mode is toggled on and off Гог midstream 

ma&ertinns and delshons Text ahead of CPis moved 

nghi during insertion and jel dung deletion d 

insert made 15 On. 

в Column position із displayed пі ali Пти 

ь Bomt proof — ай unused control codes are 

trapped 

» Mus! be used wih а CRT ihat has cursor 

AÓdr&pinp ог wrlh a mamary mapped video 

т Send check ог money order іп the amount ol 

$50.00 and receive comple source code 

Ilowechares, documentation, and instruciinné for 

brnginig up an your system 


K¥33 CORPORATION 
P.O, BOX 27246 
TUCSON, AZ 85726 
(802) 889-5722 


Сігсів 188 on inquiry card. 


ANALOG @ DIGITAL 
DIGITAL © ANALOG 
CONVERSION MODULES 


SOFTWARE 
GAIN CONTROL 


Айн: емініп bond "m $. 100 | 

: " тіксіне high onc lou input 
from | bo 1064 ! 
Ы гі Л. 


For additional мН about еһе AD-100-4 and other 
fine Callfornia Data Corporation 100%» Individually 
| casted, High eltability products, circle the reader 
service i саи number Шен or For Easter response 


CALIFORNIA DATA 


CORPORATION 
3475 Old Congjo Road, Sulle C-10 
Newbury Park, CA 81120 


48051 498-3651 


Сігсів 50 on Inquiry card. 


DEALS О DEALS П DEALS 


OUR BUYERS ARE IN 


CONTACT WITH EVERY MAJOR, 


SUPPLIER AND O.E.M. 
BUY HERE AT 1000 PIECE 


| X 
QUANTITY PRICES 


ALL MERCHANDISE 10096 
GUARANTEED! 15 DAY FULL 


CASH REFUND! 


JUST HOT STUFF 
POWER SUPPLIES 


if you can beat these 

prices wa wil! be truly 

amazed. OEM's at 500 
| tot pay more than this. 


Call or write for full 
ӛріс. sheets. 


DISK POWER SUPPLIES | 
PRIAM —SHUGART — CENTURY —MICROPOLIS 
115-388 |880 


SHUGART - SIEMANS — МР! 5%” 


*5V | БА |517У & ЗА [45-340  |33.5D | 


t" 
+5 @2А [+12 84A | [US-323.— [55.25 | 
SHUGART — SIEMANS — CDC 8" 
[-8V @.5А |+24\ & 1.5А [05-205 | 
US: 206 


ЕЕ: U5- 152 
4У61,5А4|»24У62А |05272 |5801 
Ц5-НТАА|37,50/ 


^ TELEVIDEO 950 
| Televideo 850 —$950.00 
етсе REN 

Blevidgeo = 4 | 
ADDS R-25  — 710.00 ms 


Also have 920C, SOROC,  -——— — 
| HAZELTINE, etc, What  * ‚ 

wa don't have is room on ы л 
this page. Call Tol) Frae * 
НОП number for prices - 

C-ITOH PRINTER 
$499.00 
+ Wan . 

adds in this rag at е 
$995.00. Parfact units, 


Look closely at tha 
warrantaed, Only ВОО pcs. Same story, 


45У € ЈА 


photo and see other 
manutacturarar had too many. | 
8-100 CARD EXTENDER 
i 1 
$12.50 e 
(Gold Contacts) p 
As long as there is a ^ — P 
¥our battle, Compare | 
at your loca! Dept, ' 
stare and buy US MICRO, | 
МЕМОВЕХ — VERBATUM — WABASH 
HARD 10 2.55 ва. 
HARD 16 2.65 en. 
SOFT 1D 3. 25 ea. 
SOFT 2D 3.85 ea. 


price war, we wilt fight 
BASF FLOPPIES | 
BOX OF 10 ONLY: Р 
OFT $2.65 са, 
ЅОЕТ 2005 5.00 ен. 


Сігсів 389 on inquiry card. 


11! EDISON DRIVE ж NEW LENOX * ILLINOIS 60451 
CALL TOLL FREE: 1-800-435-9357 * MONDAY thru SATURDAY 


(ILLINOIS RESIDENTS CALL: 815-485-4002) и 8:00 a.m. to 6:30 p.m. 


TERMS: Prepayment — C.O.D. up to $100.00 — M/C Visa 


$5.00 Processing and Handling added to each order PLUS 
Shipping Charges. Please allow persona! check 
to clear before shipment. 


SPECIAL OF THE QUARTER 
51-MOD (KIT) 


Соатпрівте 5-100 12 Slot Computer, Ample 
system power with regulated power for drives. 
Excellorit for Subsyatem or Hobby uss, 

4 hours to bulid. (8 conn, іпсі,, tess fans) 


DUAL DRIVE SUBSYSTEM 


$995.00 
$195.00 w/no Drives | 
If this looks like a Lobo 


Drive System, don't be T 
fooled, Just because it 2 SHUGART 801R 


looka like one, works 1ке POWER SUPPLY 
опа, smells lika one, and tastes like апа (2) 
doesn't mean it has to cost like ona! 


TWIN VERTICAL DRIVES 


5" $550.00 — 8" $980.00 
AttractivB, convenient 


and compact Two Drive 
$145.00 Kit (Less Cable) 


j-— 


Mass Storage includas 
Power Supply, Әгіуез, 
Cabinets and Cablas. 
Double Sided, Double 
Track available tool 


Z-80 CPU (KIT) 


= 
The first time this 
world popular CPU 
offered in Kit. 2 serial, 
3 parailel, СТС, EProm "- 
2-80 at 4 mhz. Software 
busd rate, өтс. (lass Prom & cabte) $212.00 


EXPANDABLE RAM 
*SPECIAL*SPECIAL*SPECIAL* 


This is tha bust ali А 
around 64K board { 
you can buy. If after y us M 
you see it, you don't i2! - = э, 
agree return for full ell 

бу extended address 

lines or 1.0, 40H, ж $389.00 A& T+ 
U$ — DSK $255.00 


refund, Bank Select 


Double Density 8" and 

Б“ Disk Controllar Tw 
dirigned for S-100 EEE 273 
standards. Uses Western | 
Digital 1795, 1691 

2143 Chip Sat. 


FANS $14.95 


These are brand new, 

in the box Тапа, Not 

noise y bearing pulicuts. 

Never again at these low prices! 


SPECIALS OF THE MONTH 


4116s 


Expansion 16 Dynamic 
НАМ: for Apple, T RS-BU 


5-100 systems, T.!., Mostek 


Intel, Call for manufacturer. 


8251 $4.95 
8255 $6.50 


VERY POPULAR 1.O. CHIPS 
BY LEADING MANUFACTURER 


2114s 53.25 


200 М8 


One of tha world's two 
most popular STATIC 


RAMS. Factory prime 


testad units. Sold іп tots of 8 only. 


FUJITSU, НІТАСН), etc, 


TMS-4044 


ММ-5257 $4 .25 


INTEL 2147 250 М8 
CMOS Version $4.50! 


Tha other of the world's most popular STATIC 
RAMs. This ола is AK by 1 organization, Don't 
huy Gold, buy these, the prica Won't јав 


2716s $7.50 (450 NS) 
2708s $6.95 (450 NS) 


ARlemember when 27? 16s were $50.00 and hard 

то get? Those units аге so beautiful it's hard ta 

part with them. But we will, for a snail price. 
Gueranteedi 


SHUGART DRIVE 
8” 801R 
5395.00 
too meny, buys at 


8" 851R $585.00 
3000 piace rete, 


salas dropped, so we got'em. Fantastic buy, get 
tham while they last! Full warranty, 


SIEMANS DRIVE 
8 1008 5375.00 


Very Spacial Prica on 
these BRAND NEW currant production unita 
Add 810,00 for Extended 1 Your Warrantest 


Manufacturer had 


ОАЕ в PP.Serias EPROM onse plug 
directly Into any vacant EPROM socket an 
апам asi la tranater data directly from RAM 
lo EPROMS, No additional power supplies ara 
required. АП timing 8 conirol sequences are 
handied by the доти. Each unil In 
cludea іпівгпаі ОС to DC awiiching regulator 
ZIF socket and á fi. ribbon cable larminate 
with a 24 pin plug. rogrammars arg avallabie 
for al) EPROMs Пот 2708's Inru 2532's. 


Ollver Advanced Engineering, Inc. 
676 W. Wilson Ave , Glendale. СА 91203 
1213) 240-0080 or Telex 194773 
PP SERIES PROGRAMMERS 
See ий в! МСС, booth 770 


Circle 262 on inquiry card. 


Convert your TAS-80 into a 


emulation and 
EPROM/EEPROM 
programming in 

a single compact 
unit. 


Debug stand-alone 

systems with 

program in 

TRS-80 НАМ, 

then copy working program into PROM. 


Only $329 including personality module 
lor 2716, 2516, 2758, 2508, 2532, 2816, 
2808, 48016. 

ORION INSTRUMENTS 


172 Otis Ave, Woodside, CA 94062 
(415) 851-1172 


Circle 271 on inquiry card. 


QUARTZ CRYSTALS 


ma мая ПЕНЕН мини 

Des Me атма 472768 

АТТЫН ТЕСТТЕ Т 

тіге мола аита шкі 

амы мне олын adim B 

төніп мімен 4101080 әман 

МЕЛЕ жағын 41918 7094 

TOBI 3231200 ALI |І. 

мен Жыла аыл хн 

ах чое 

ЕЕ (ILE 

134988 ЫК 

33438 тома 

Has omia 

AERE $0770 

4118998 MEER 

шта ішін маз 

ditt д 

«іад шоа 

М а сауы ашап іші малма 

EMIT 1) 75k ДМ: ыша НІ 
е маша айа 
юра көті 1117H 
HB лиев ин 


WEE ЖЕБЕ аша кіні 
ML - EUN 10 йй np dibuc? 0. 
ADD 83.00 SHIPPING 
CAL. RES. ADD &* SALES TAX 
FREE OSCILLATOR SCHEMATICS 
WITH ANY OADER 
QUALITY COMPUTER PARTS 
9.0. BOX 743 / CHATSWORTH, СА 91311 


Сігсіө 304 on Inquiry card. 


68000 


ERG68-696 68000 CPU 
available and іп produc- 
tion. Meets or exceeds all 
aspects of IEEE696 5-100 
standard, 


$1995 


2-80 emulation and іп- 
tegrated 68000 systems 
also available. 


Empirical Research Group, Inc. 
РО Bax 1175 
Milton, WA 98354 
206-631-4855 


Сігсіз 140 on Inquiry card. 


RUN BIG 
CPM* 


PROGRAMS 
ON YOUR 
MODEL 1 TRS-80* 


WITH 39 or 54K of use space.Can use Міхед 
Divers 5% of B" (Variable Tracks) 
Compalable with all TRS*B50 Operaling 
Systems and all TRS*80 Programs.(usable 
on 48K disk syslems only) Boards flit into 
keyboard inclosura. 

FREEDOM ОРТЮҺН.,............. 5245 
MEMORY EXPANSION ОРТІОМ.... $295 


Send Check or Money Order to: 
(MASS PRESIDENTS, PLEASE INCLUDE 5% TAX) 


F.E.C. Itd. 


Р.О. Вод 2368 > Woburn, МА. 01808 
(817) 044 - 83709 


Cassettes ` 


and Cassette Boxes 
for 


Software Producers 
& Duplicators 


Ask for aur Caralog 


312/298-5300 


1233 Rand Road • Des Plainas IL 60016 


Circle 295 on inquiry card. 


WRITE YOUR OWN 
COMPILERS IN РУС 


РЫС [Programming LanguageaGomnpliara) is 
(һа implamantatian of в BNF superge) 86 в 
hightovel programming innguags. 


Cur ZBO version runs on а 32K CPIM' “system 
ang generates TDL-formai aesambier code. 


The РУС Compiler, Runtime Library, and 
Compilar Source Code are shipped on an 
(BM-3740 format, CPAM compatible diskette. 
А license agreareni must ba completed. 
LM uingie CPU license leas arn as 
allows: 


$1000 — PUC Compilar, Runtime Library, 
Compiler РЫС Source, and 
PLC Source Code for a PLC 
Compiler Version which pro- 
ducas PROCESSOR-INDEPEN- 
DENT macro source. 


$5000 — As above, plus commented Assem- 
bler Source Gods lor the Compilar 
and Runtima Library, 


А PLAC тіоутатоп package is avaifable fer £25 


MRD Systems, inc. 
Вох 147, Spring Valley, MN 55975 


CPM is a (egalari tradumam at Olgital Reseach 


wabash 


When it comes to 
Flexible Disks, nobody 
does it better than 
Wabash. 


MasterCard, Visa Accepted. 
Call Free: (800) 235-4137 


~PACIFIC 
EXCHANGES 
100 Foothill Blvd 
San Luts Обро СА 
93401 (in Cal call 
(805) 544-1037 | 


р UPS ANYWHERE ІМ CONTINENTAL U.S. 
11) UHF WARACTOR-TUNER. Channels 14-83 
tunable 1/0-75 бїтє Powar Gaite 10-20 08527395 
max Completa with schematic and {ach data 
Brand new = surplus 
(Г) МІСАП 5 AA BATTERY PACK in shrink tube $595 
with solder 1205 Brand naw + surplus 
(T! CABLE TV CONVERTER. For conversion tg mid- 5 95 
band am Tr сайт statis. Brand new 34 з 
Қ BRAND NAME РОМЕН 
A SUPPLIES 25V/BÀ. 
Voltage adjuslable and ІС regulated kisal tor 52395 
GMOS, rempuler based instruments, et vsu 
og! "n ~ Sutplus 
{3 ULATOR. үдеп and sound input with 75 
ghms guipul  Switchab/s Ip channeis 3 Dr 4 $4 685 
Shielded case Brand пем - surplus 

SCA ELECTRONICS INC. р 14) 527-2534 
9533 VALLEY VIEW, CYPRESS, CA 90630 
Рау by CHECK, M.O., VISA, МС COD. 


Circle 324 оп Inquiry card. 


ОНОЕН ВҮ РНОМЕ 


COMPUTER STOP шеш 


(213) 539-7670 PST 
2545 W. 237 51. Torrance, СА. 90505 TELEX: 678401 ТАВ IRIN 


LOWEST PRICES IN THE WEST,NORTH SOUTH & EAST 


Эйир с computer 1-800-421-1947 


Service 


APPLE /// OPTION А: ......... DE . 3850 
APPLE /// 96K | | 
Information Analyst Package | APPLE J[ Plus 
12* B/W Monitor 16K.......51075 
APPLE N ОРТОМВ:........................4350 | 
SAME AS OPTION A PLUS: 48K.......51193, 
DISK II tor APPLE #1 | Disk][Drive..$529 
APPLE Д OPTION C: ........- nme ee. , с with Controller & Dos. 3.3 


SAME AS OPTION A PLUS: 
DISK II FOR APPLE //! PASCAL SYSTEM 


SILENTYPE Thermal Printer | $425 
Z-BO Softcard 


APPLE HARDWARE $299 


Parallel Printer Interface Card ..................160 


Communications Card ................,.......195 MONITORS/DISPLAYS 


High Speed Serial interface ,......... Ка 4. 160 
Разса! Language Зуйет... ..................425 Leedex Video 100 12" .,,.................... .. . 140 
Centronics Printer іпіөгіасе........-........... .185 Sanyo 9” Мопйог...................».......-. 96 
Applesoft Firmware Card ,..,...................160 KG-12C Green Phos. Monitor ............ was «eee j 
Integer Firmware Card ......... "ок т. Sanyo 12" Green Phosphor. МолПог,,......,.....275 
Disk | with Controller DOS 3.3 . ТЕГТІ МЕС 12" Green Phosphor. Monitor ..............275 
ОК a NR ысы ———m .475 Sanyo 12° BAW Мопйог................. ....:.250 
Graphics Tablet ..............................825 
PRINTERS 
OTHER HARDWARE 
Apple Silentype with Interface ,....... .......,.525 
А Music Synthesizer (3 Voice) ................. 245 IDS 445 (Paper Tiger) with Graphics,............,650 
FQ eee a ee - IDS 460 with Graphics .......,...............,1044 
ABT Numeric Keypad . —————S ,119 IDS 560 with Graphics 10)...,.,................1199 
Micromodem J| . . . . ..... gk ie cus —— -—' 295 GCentronies 787..1.............-.. PIT NL 
Apple Сірек ,................. кавай 245 МЕС Spinwriter (RO, Serial) .................,.2650 
Rom Plus with Kayboard Mg m ‚ 175 
Introi/X-10 System ,...........................2050 
Je di QM NN ies sees 150 SOFTWARE 
DoubleVialon 80 x 24 Video Interface Rn 
CCS Arithmetic Processor .....................398 The Controller ................ E EE | 
CCS Parallel Ітегіасе,.,..,..........!........719 Apple Post (Mailing List Program) . — ...40 
ЧЕК Ram Gerd ...............................145 таа APR шит ИТИНИ н 195 
Microworks DS-65 Digisector ,... ............. 339 АрреР О,.....-.....-...... —Ü disini a , Bh 
SVA 8 inch Disk Controller ,..,.................. 335 DB Master Data Management . таты Жаны ус ...175 
ОМ, мет о бак ско The Casier ................... TT ..210 
CCS Synchronous Serial Interface ..............118 ДЕТЕ. еа оозана аанньа  .. 
CCS Asynchronous rene So эу» 1 ыы 99 DD LL. Жақа». хань» AES бы. жне ...170 
Corvus 10 Meg. Hard Пізк.,....................4395 CCA Data Management System. ............. 2. 80 
Corvus Constellation. ....... sese eorr 595 Full Screen Mapping for ССА DMS ....... c С: 
Pascal Interactive Termina! Software (PITS) — _ 
MISCELLANEOUS/SUPPLIES Basic interactive Terminal Software (BITS) ........29 
Data Capture ........ me бі көк» кө s 
16K НАМ (200-250 М8)....................... -..29 Data Factory ОМ5............................110 
Verbatium Datalite Diskette (Box of ae | 30 Appte Pl. toa ее eonun — € ROM NES. 
Dysan Diskettes (Box ої 5) ............. PIT АДИЕВ Е. 2 асо и mitte . 120 
Apple Diskettes (Box оҒ10),.....................45 Magic Wand Word Processor (Needs 2-80 Soltcard) 345 
Varbatim Diskette Boxes (Holds 50 Disks) ice MN eS 18 Dow Jones Portfolio Evaluator......... ....... ..45 
Silentype Paper (Box of 10 гойа)........... — «80 Fortran ...... — —— ———— ТІ 


ORDERING INFORMATION: Prone ordars Invited using VISA, MASTERCARD с: bank wira (transfers. VISA & МС credit card sarvica charge a! 2%. 

Май order may send charge card number (inciude expiration dais), cashier's chack, money order ог personai check (allow 70 business days lo clear.) Ріваве include в lslephone 
number with al) orders. Foreign onders (excluding МИНегу PO's} add 10% (ог shipping. All funds musi be іп U.S, dollars jletlers of credit parmilied) Shipping, Handling and In 
surance in 1,5. add 3% (minimum 54.00). Callfarnia residents ado 8% seleg tax. Ош low margins prohibit из to send СОО or on purchase orders or apen account (please send for 
wiitlen quotation). All aquipmant is subject 10 price change and availability. Equipment із new and complete with the manulacturer warranty. We do nol guarantee marchantibility 


nl products sold. All returnad equipment ts subject ta a 15% restocking fas. We ship mosl ordera within 2 days. 
WE ARE A MEMBER OF THE CHAMBER OF COMMERCE. RETAIL STORE PRICES MAY DIFFER FROM MAIL ORDER PRICES. 
PLEASE SEND ORDERS ТО: 


COMPUTER STOP, 2545 W. 237 St, TORRANCE, CA 90505 


Circle 80 on inquiry card. HYTE September 1981 465 


Circla 238 on Inquiry card, 


E 


amm] CALIFORNIA COMPUTER SYSTEMS 


SEPT. SPECIAL SALE 
DN PREPAID ORDERS 


(CHARGE FAROS AWD COO GA PU MOT AVAILABLE ОМ THESE OFFERS) 


= ons 
желе ЕЕ MitROCOMPUTER PRODUCTS 
S100 PRODUCTS 


$100 CAIA 8080 PROCESSUR PCED 532.95 WAMECO BOARDS WITH MIKOS PARTS 10% OFF 
203? 32K STATIC HAM AAT KIT 5155.95, A £T 5215.95 ADVERTISED PRICE 
450 NSEC $57900 300 NSEC 5595 00 200 NSEC $2900 [8-2 280 PROCESSOR BOARD 
PITE IGE STATIC RAM ABT 4 KIT $198.35, АЯТ $269 95 We v 
450 NSEC 528500 300 NSEC 528000 200 К5ЕС 532900 VEIG 64 к 15 VIDEO, PCED $32 95 ff & gree. WAMECD INC. 
#055 GAK DYNAMIC RAM А ia $548 05 KIT $153.95 AR! 5199 95 BOARDS WITH MIKOS PARTS 
2200 5-100 MAIN FRAM А & $379 95 
2422 FLOPPY DISC WITH CP/M 227 TUN E Lado 653295 |  MEN-3 32K STATIC ВАМ, PCBO 52545 
2802 6502 PROCESSOR A £ T 5282 05 | KIT LESS НАМ $95 95, А%Т $135 95 
2В10А ZAO CPU A& T 5246 0f МӨЗ RO СНАНАСТЕН VIDEO dMHZ 
PTIOA 4 SERIAL DAAT 5291 45 «IT 534555 А%1 5425 95 CPU-Z 280 PROCESSOR, PCBO $32.95 
27184 2 SERIAL 2 PARALLEL ART $305 95 UPGRADE RAMS FOR VB-3 542 f KIT LESS ROM 810395. A&T 5148 85 
2120À 4 PARALLEL A A T 5214 95 
i 104 2 PARALLEL, 2 SERIAL PCBO $32.05 EPM-2 16K/32K EPROM, PCBD 532 95 
PROTO BOARDS WW 33905. SGLDERTAK — $2905 КІТ 515505. A& T 519445 KIT LESS ROM 55508 AAT $99 95 
APPLE PRODUCTS € 2708, 2716 po^ IUS -— ЕРЕ-1 FRONT PANEL, PCED 548,50 
ТИІ 12K АОМУРАОМ §68 50 | айшы КІТ , 514495 ABT $164 95 
14244 CALENDAAICLOCK 5106 95 MB-1D ІЕк STATIC RAM 
14404 PROGRAMMABLE ПМЕН $98 50 КІТ 5254995 Aa] S339 95 CPU-T1 В080 PROCESSOR PCBD $29 05 
1810, A TO 0 CONVERTER $105 95 APPLE PRODUCTS KIT. 58995, AAT $129.95 
TARDA GPIB ИЕ 488) INTERFACE $265 95 МЕЙ IEEE ABB INTERFACE $39995 
T7104 ASYNC SERIAL $125 05 | (М8-12 13 SLOT MOTHER BOARD, PCBD 53995 
77124 SYNC SERIAL 5153 D5 M SERIALIPARALLEL INTERFACE KIT 505954 АЕТ 5135.95 


КИ 812385, A& T 
ASIO SERIAL WO 

KIT 587 95 
АРІ PARALLEL 10 
KITIWOCABLES) 36755 A&T(W/DCABLES) 


OTHER SSM PRODUCTS ARE AVAILABLE 
CALL FOR PRICES 


MIKOS 


MONDAY FRIDAY В DO TO 12-00 100 TO bit 
THURSDAYS В OU TD 3:00 P M 


(415) 728-9127 
Р.О, BOX 955 е EL GRANADA, СА 94018 
PLEASE SEND FOR 16. XISTOR AND COMPUTER PARTS LIST 


17204 PARALLEL STANDARO 

77208 PARALLEL CENTRONIDS 

718118 ARITHMETIC PROCESSOR WMSE 
7811€ ARITHMETIC PROCESSOR W/ROM 
18004 WW BOARD 

75104 SOLDERTA BOARD 


598 05 
598 95 
$342 95 
$342 95 
$22 95 
$23 85 


insi QTHER WAMECO PRODUCTS ARE AVAILABLE 


CALL FOR PRICES 


AST $9795 


MIKOS PARIS ARSORTMESRTS ARE ALL FACTORY MARKED PARIS WINS HEL DE 
ALL PARIS LISTED АЗ REQUIRED FÜR THE COMPLETE KIT LESS PARES LISTED 
ALL SOCKETS INCLUDED 


LARGE SELECTION OF LS TTL AVAILABLE. 
PURCHASE $50.00 WORTH OF LS TTL AND GET 10% CREDIT 
TOWARD ADDITIONAL PURCHASES. PREPAID ORDERS ONLY 


587 95 


SOFTWARE 
2610 СРАМ = MACRO ASSEMBLER ON DISK 
2620 CP/M " SYMBOLIC INSTRUCTION DEBUGGER 
2630 CP/M TEXT FORMATER 
2640 CP/M" BACKGROUND PRINT UTILITY 


576 95 
564.25 
564 25 
$42 95 МБА № МАЗТЕЯСНАВБЕ бит sccourh amber errerhané rures, ғарған ӨЛЕ 

A КП! үйе arde Apos postage indi іт abie! Ghari ur gery order wd) he ті 
ри рамі AUS үшш are mint алыр супе pied id vis Fur, Аа ches or 
pes lad талау ттт Offers Ме vedi ut a eoe Watt Quia КИ cc 10 Сіз (ды 
пәмені ә 6° Tan Кучу bath, 2044 жал ҮЙ cannot accept Нш IC 3 
ІМ Кім etn СНУ ro Pers sunset Io champ өнім! edito 210 MIROR мен. 
С. БВ инел tiana op ийт Cp PI! 


OTHER CCS PRODUCTS ARE AVAILABLE 
CALL FOR PRICE 
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STOP. PAGE... 


if you are tired of dealing with mail 
order houses that never have in stock 
what you need, when you need it, We 
are not a mail order house. Micro 
Source of Texas is a stacking wholesale 
distribulor of microcomputer printers. 
video display terminals, and supplies 
What makes us different? We don't just 
take orders! 


Whether you're a dealer, Systems 
integrator or first-time micro user, 
you expect help from your suppler in 
determining ihe best product to fit a 
particular application, We give that 
help. and more. Since complete doc- 
umentation |в essential, we provide 
it with every order we ship. And il 
you're located in Texas, slop by and 
we'll demonstrate our products without 
obligation. Try to do that mati order! 


Don't waste valuable time. Talk to 
Micro Source. We can help. 
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LOOK 


АТ THESE POPULAR. . . 


‚ low cost, high quality products: 
в EPSON МХ-80 matrix printer 
è C.ITOH "Starwriter" WP printer 


e TELEVIDEO Model 810 CRT terminal 
and many more 


What abou! supplies? No hassle. 
We stock ribbons and accessories for 
EPSON, CITOH, DIABLO, QUME, 
МЕС. DEC, and CENTRONICS printers. 
All products and supplies ara in stock, 
available for immediate delivery 


Micro Source of Texas is a specialty 
distributor handling only peripheral 
hardware We dont sell microcam- 
puters or software. So if you're a 
systems dealer, consider us a depend- 
able supplier, not a competitor 


Micro Source wants to be your 
source. 


Micro Source of Texas, Inc. 
834 М Glenville Drive 
Richardson Texas 75081 


214-690-5111 


LISTEN 


TO WHAT WE OFFER. . . 
LOW PRICES 

The best in the industry! Because of 
our volume purchases, we olfer at- 
tractive discounts to independent deal- 
ers and micro systems builders. Call 
or circte our reader inquiry number and 
receive а current dealer price list and 


catalog. 
IMMEDIATE DELIVERY 

Wa stack a variety of popular micro 
printers and display terminals includ- 
ing EPSON, C.ITOH, апа TELEVIDEO. 
If your needs are immediate. we'll ship 
within 24 hours of raceiving your order. 
And if you're nearby, just drop in and 
pick up your order the same day. 


TECHNICAL ASSISTANCE 

Micro Saurce oher in-depth appli- 
cation assistance to Apple, Commodore, 
and THS-80 dealers, among others, We 
мапі you to buy the right product with 
the right interface at the right price. 
Product support and courteous service 
are "standard features” with Micro 
Source. Call today and make us prove itl 


WE'RE IN TEXAS 


CHARGE special offer to 
Texas customers 


Ask about our NO FREIGHT 


Cirale 226 on inquiry card. 


Look at this! 


Ohio Scientific 
Superboard Il 


$329 


ғ It's the first complete computer 
system on a board. 
е Superboard || uses the ultra 
owerful 6502 Microprocess 
K Microsoft BASIC-in- ROM 
3 Фр? static НАМ on board, 
expandable to ВК 
* Full S3-key keyboard, with upper 
and lower case. Plus user 


DOWN-TO-EARTH PRICES ON 
OUT-OF-THIS-WORLD PERSONAL 
COMPUTERS AND COMPONENTS. 


Look at these easy hardware prices: 


610 Board For use with Superboard |І and Challenger 1P. 
BK static RAM, Expandable to 24K or 32K system total. 
ze up to two mir¥-floppy disk drives. Requires + 5V 


amps. $ 298 
eds Disk Drive Includes Ohio Scientific's PICO DOS 
software and connector cable. Compatible with 610 
Вере ander board. Requires + 12V @1.5 amps and +5V 2 
amps. [Power supply & cabinet not included, } 299 
630 Beard Contact us for important details. 229 
AC-3P 12” combination black and white TV/video monitor. 159 
AKP 4K RAM chip set. 78 
PS-005 SV 4.5 amp power supply far Superboaru li. 45 
PS-003 12V power supply for mini-floppies. 45 
RF Modulator Battery powered UHF Unit. 35 
AC-12P Wireless remota control system. includes control 
console, two lamp modules and two appliance modules, for 
use with 630 board. 178 
АС-17Р Horne security system. Includes console, fire 
detector, window protection devices and door unit for use 
with 630 board. 249 


СІР Sams СЛР Service manual 8 
САР Sams САР Service manual 16 
СЗ Sams Challenger ІІІ manual 40 


Ohio Scientific and independent suppliers offer hundreds of programs for the 
Superboard ІІ, in cassette and mini-floppy form. 


expandability. Guaranteed Shipment 


e Video interface and audio 
cassette interface. 


The Ohio Scientific Superboard | at 
$329 — in today's economy — has 


Frei ht Policies озы 5100 o marge 
less then $100 piae arid 
БА. ч dul arta costs Ono resda edd 6% Sal Так 


кал г — Hours Ao SOO MEDT 


E OU AM to 5 OD 
CUPET TOLL FREE: 7-800-127-5808 


oe 
of software, FREE. 


you to 


got to be the best buy by far. № will 
entertain you with spectacular 
Ка made possible by its ultra 

igh resolution graphics and super 
fast BASIC. 1с will help you in school 
ar industry, as ал ultra powerful 
scientific calculator. Advanced 
scientific functions and а built-in 

“immediate” mode allow you to 
solve complex problems without 
programming. 


The Superboard |І can be 


| expanded economically, for business 


uses, or to remotely control your 
home appliances and security. Even 
communicate with other computers. 


Read what’s been written 
about Superboard 1: 


“Wa haartily racommand Super- 
board i! for the beginner who wants 
to get inta microcamputers with a 
minimum cost. А real computer 
with ful! axpundability.' 


—POPULAR ELECTRONICS, MARCH 1979 


“Тһе Superboerd (1 ів an excellent 
choice for the personal computer 
enthusiast an в budget.” 


| —BYTE, MAY 1979 


Clrole 62 on inquiry card. 


Та Order: ог го get cur free catalog CALL 1-800-221-8805 TOLL FREE. 
order ta ps rore or 
Or write, mely 


your 


ASTER CHARGE account. Ohio residents гай: + Б] 464-8047. 


ding your chack ог money order, to the address bated 


=) CLEVELAND CONSUMER 
Сы COMPUTERS & COMPONENTS 


Р.О. Box 46627 
Cleveland, Ohio 44146 


orate a e ee eget soe gee imeem Rl topo а 
dir Form: £N 


Р.О. В 
COMPUTERS & COMPONENTS Cleveland, Ohio. 44148 
С Superboard i| $329. О RF Modulator $35. 


[1 610 Board $298. ГІ AC-3P 12^ B/W Monitor $158. | 
L] Mini-Roppy Disk Drive $299. 1 C1P Sams Manual $8. 
[Attach separate sheet for other items.] il 
NAME 
ADDRESS: | 
CITY: STATE: ZIP: 
PHONE: р 
Payment Бу: МБА _ MASTER CHARGE... MONEY OROEH. Í 
Credit Card Account # | 
Ехрігев interbank (Master Charge] 1 
TOTAL CHARGED OR ENCLOSED $ [Ohio Residents edd 6 5%, Sales Tax) 
Orders of less than 5100, piensa екі $4.00 ta cover shipping costs. Orders wil 
Сәленіп only АЯ prices quoted arn U.S date stinging FOB the оч „Ё 
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ATARI" 800% 500 СОМРОМЕМТЅ CONT'D Шылауы 
COMPUTER SYSTEM 


кейн o Ro REA 
a A009 


g 


нім ты 
B № 1 Hee 


4 los 16 Size 


4155 JOONE 20084 жы A 00 
20048 2 Баз В kx I CO 


зам 20065 Jg) ња йік 2 таа REAL-TIME CLOCK 
3500» 410: 3000 CALENDAR (MSM 5832) 


т! A5DREL d Ума Dior 2 Обаа Жанын biron Бый! бе CHOS (С 


"APPLE 11 Plus" 


22:119900 


Circle 92 оп Inquiry card. 
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= у 
Ес 
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“iibi Dole Bus 

“tie Added 

Boy Hold нас e 

‘Ra Барый 

22 вине кім Contre $3.85 
"ін Ре Sup 


sul 


"EJ В мч 
МРТ g 87 


L| ^h o. E 
wes ADEN 
GREEN Pros 

ммо шт 


CONCORD 


COMPUTER 
PRODUCTS 


н мді төлді np wan 
1971 SO. STATE COLLEGE 


ANAHEIM, CALIF. 92806 A М | — Thar — 
(714) 937-0637 "s $9 X A 


4 5 етек igp T appren шы 
— aom CHECK — М/О NOn қ а @ soroc RTM”? 2a Ше x dx 
NO COD өт! | LOW = E 


A н 
T10.MIN ORQER/ CA. RES. ADO 6% 
е FRT. pas 4 mi ini к LE = Ben 


bhp es кини 6 
TERT | anë Dus Sunichen 
The ao ae ӛзі 55 
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$M M ж» рө mh 


HEUBEEZEERERERRSERSUZEENSS 


| 


—^ P m om m oo 
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| SHELF/ DESK 
MOUNTED #5722 


к. adi 


E 


Bgm 
„ҮА 1-1 4” 


amo 


FLOPPY DISK DRIVES 


Qume Datatrak-B ............ Ml po. DE 


Virtually the industry standard, High quality/reliabil- Godbout 7-ВОА 
ity. Full featured, double-sided, double density. 


ң ы“... ene O 
Full featured drive, double sided, ‘double density 
SABOTR...... «395, | MEMORY 


Single sided, dauble density, very consistent CCS 2085 84K dynamic p*rÉdbttbte tn nn 
5395 CES ЛИБО, сс,.,................ 
— Godbout RAM 1784К.....,...... 


аще тн 44 


k ta 


Tandon TM-100-2 E E E E к" 
We are expecting a large shipment of mini's, many types. Call for details. O 

— "——— е =. CCS 27104 БІС,,....... 
CONTROLLERS - Godbout Interfacer 1 


Godbaut Interfacer 2 
Tarbell single density kit 
Tarbell single density АЯТ. 
Tarbell double density A & 1 ...... $425 
CCS 2422 w/CPM 2,2... . $350 


: ! Qume 5/5 — Daisy Wheel Printer 
Godbout Disk 1 | Sprint 5/45 ВО. 


MDA MXV-21 651-11 controller, «s... —" Sprint 5/55 RO........ ; 
(RX-01, RX-02 compatible} Sprint 5/45 КЕҢ. 


Sprint 5/55 KSR, ,. 
Forms Tractor., 


MISCELLANEOUS 
CCS Mainframe i 
2 Disk drive enclosurg ...... Cable Kits 2drives....... pms pisten тайы. инна 
(fits Siemens, Shugart, Сите) 3drives........ aper Guide ,... 
CP-206 power supply 4 Шіув5,....... Paper Basket 
(powers two flappies) Diskettes ss $39/10 — ds $59/10 many print wheels, ribbons, & more available. 


Terms of sale: cash or chacks, purchase orders from qualified firms and institutions. Minimum order $25. CA residents add 6% tax. Prices 
subjact to change without notice. All goods subject to prior sale, Minumum shipping/handling charge $4.00. 


Electrolabs 


РОВ 4436, Stanford, СА 94305 (415) 321-5601 Circle 132 on inquiry card. 


INCREDIBLE? вешеуе ir 


PRINTERS Zo aN " 
150 cps bidireclional-9x9 dot matrix, quetized сме DAT ATRACK B $6252 for 51199 
an. і = col, vertical form control and many Enclosure. power supply lor 2 8" drives ABT рр 
— ей $1195 NNC industrial grade enclosure tor 2 drives with Р.5, S445 

Сап! Miri. = = = - МЫС. MORROW Discus 2D + CP/M^ 5963 

ntex а best price/performance ratio available. - | 

8000 AS-232 serlal to 19.200 baud х-ол, x-off add $40 Discus 2+2 + CP/M“ 51259 

те Teletype 40, 300 LPM-typewriter quality, RS- tram Only HARD DISK SPERIALS " List only 

232 interface This quality printer is avaiable in many $2928 and controller 5350 Srail 

contigurations including forms access, quietized case, etc. lintel rene Ж — емее “i 
Teletype 44 from $995 

à; Mirror Video Tape Disk Barkup $790 $cali 

Teletype АР-200, 340 cps dot matrix (similar to Data Prod. M-200) 52799 

nearer Š cos, тата, mt Quy oa 7n a os 

"Per 630-40 cps, bidirectional. фу wheel, plot‘graph v Ф. edu vate emi Nie! am a а 

- ы. ciel ca n La ae hel si de | Winchester 5% drives complate with case, cable, 

EPSON МХ-80, 80 cps, 9x9 dot matrix SCALL software, S-100 controller Adapter avail. tor use with 

ANADEX 9500/9501, up to 200 cps, high resctution dol 51348 ХСОМР any Z-80 system Cartridge drive controllers аман. List 

OKIDATA Microline 80, 80 cps, 9х7 dot matrix $490 БМВ 52898 

Microline 82, bidirectional, friction/pin feed $599  10MB $3398 
T — 83, bidirectional, 120 cps, uses 15" paper n: Quantity discaunts avadable! 
TI-810. 130 cps, Basic 1695 §-100 CONTROLLER FOR PRIAM $693 
Package-Compressed print, vertical form control $1830 PRIAM B" and 14" Winchester/lape subsystems avail 
CENTRONICS 704-9,180 cos. 9x8 dot matrix, 132 col, AS-232 $1595 Wecarrythefulllineof ADES disk and tape controllers and subsystems. 
сари" шш FULLY CONFIGURED BUSINESS SYSTEMS 
13180 А үөр" im came ER с ҮЛ, $849 The following are some examples of the fully assembled and tested business 
739 Graphics ps мі SCALL and sciantilic computer systems which we offer. All include CP/M 22, 

DEC LA-34 $1085 БАҚ byles dynamic RAM, 7-В0А 4mh CPU We offer a Іші {ine of quality, 

1054506 51194 tested sofiware. 

$-100 SPECIALTIES Delta ТУО w/ 1.2 Mb flappy drives, 2 serial, 3 parallel роп SCALL 

* Della 1004 w/10 MB hand disk, IMB floppy. 6 serial, 3 parallel ports САЦ. 
FW DP12-80A, CPU, БАК ram, floppy | CCS 2210А w/iloppy controller, 1 serial рол $1849 
PRODUCTS cont., RS-232 pon, 5100 (ЕЕЕ, 8 stat — — CCS 300-1À w/1.2MB floppy drives, 2 serial, 2 parallel ports 54849 
— in adds terminal, inc, CP3M 2.2 SCALL if CCS 400-1A w/10MB hard disc, 2 serial, 2 parallel ports $6999 
Delta has Winchester based networks af upto 16 users available. Optional CP/M for CCS 300, 400 (QASIS available) $150 
ео юзе Mah quay 2nd НАНЫ B AMB hard dlen (OASIS optional) 85683 
ң neration boards and systems. | ‚ 8. 
i ho. uum ALTOS single and multi-user systems $call 
California These high quality, reliable products һауе made CCS 
ШЕ Computer defacto industry standard for S-100 products MORROW Decision 1, MICROSOFT basic, UNIX Scal! 
Systems Assembled and tested: ist опу TERMINALS 

2200 H.D. Maintrame, 20а P.S., 12 siot MB $434 5359 AMPEX DIALOGUE 30, 80 $CALL 

2065C БАК dynamic RAM/Bank Select $720 5580 TELEVIDEO 912C 5950 5725 

2810A 7-80 CPU, serial роп. ROM monitor $310 5259 320 € ue iM 

2422A Floppy Cont, CP/M 2 2, ROM monitor $425 — $348 „о, ^ ii + i 

MS { 5 i md АҒЫ. 2 MBA” floppies, 2 serial, 3 par. CPM 2.2 SCALL 1014 WS УНО 

(В 7-80 CPU 5210 — INTERTUBE ili ar EMULATOR (multi-terminal) 5895 5799 

D» Disk contraller $354 DEC VT-100 52050 $1575 

MICROBYTE 64K Dynamic Ват $648 Similar savings for our HAZELTINE and LEAR SIEGLER lines 

FULL SYSTEMS AVAILABLE LOOK HERE! AMPEX 
SUPERBRAIN $сай Gall us for ALL your softwear needs Dialogue 80 


Similar savings on the ІШІ (mes of CCS, SSM, ММС, MORROW, DELTA, 
NORTHSTAR, ITHACA INTERSYSTEMS, GODBOUT, NEC. TELEVIDEO, IMS SYSTEMS HOUSES & EDUCATIONAL INSTITUTIONS 
ZENITH, ADDS, DEC. DATA GEN., ATARI, DYNABYTE. GIVEN SPECIAL CONSIDERATION. 


ALL OF OUR PERIPHERALS CAN BE CONFIGURED FOR RADIO SHACK” MODEL 11 
DEALER and INTERNATIONAL INQUIRIES WELCOME 


TO ORDER: CALL QUR TOLL-FREE NUMBER: 
ж (800) 221-5418: in N.Y. State and for 
technical infarmation call 1-(212) 226-2121 


Far fast delivery, sand certified checks, money order or 
call to arrange direct bank wire transfers Personal ог 
company checks require two го three weeks 10 clear All 
prices are mail order only Prices subject to change 
without notice; call for latest prices. Prices include 2% 
cash discount, N.Y. residents add sales tax. 

Quantes is a габетаги of North Atlantic Industries, inc 

Radio Shack’ is a trademark of the Tandy Corp | 
CP/M* i5 a надета of Digilal Research ann www 
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WASHINGTON COMPUTER SERVICES 
anaffiliateot ((( WASHINGTON )) езі.1912 


ELECTRIC COMPANY 


аин рас фт ЕЕ 


CUSTOM COMPUTER ROOM WIRING SINCE 1960 
97 Spring Street 
New Үсті, N.Y. 10012 
Hours: 8AM-5:30PM (EST) Mon.-Fri. 


Circia 283 9n inquiry card. 


SAVE UP TO $600.00 NOW 
on TRS-80 Computers & Accessories 
With This Coupon 


Now you can own a great little computer al a great big dicount off the manufacturer's ч А 
list price. For home ог office изе the Radio Shack lina of computers is first іп quality, SS —P9 
performance and price. | 
® FREE SHIPPING in the 48 continental contigious stales. Model il 
е МО SALES TAX collected on out-of-state orders. 

* CONVENIENT ORDERING Call us TOLL FREE. 

» FREE COMPLETE PRICE LIST available upon request, 


---- - 
| 
3 | 
— — 1 
= 3 


Л 


Eu Lui 
E. 
Е Е] 


Cashler's 


Catalog Charge Check Or Cash Price 
Number Description List Price By Phone Money Order You Save 
Radlo Shack* TRS-80 Model 11 
26-4002 64K 1-Disk Model !!І......... ...... 3,839.00 3,579.30 "3,299.00 600.00 
Radio Shack" TAS-80 Model Ill 
26-1062 Model tH ЧЕК.......,........... 2s 999.00 865,00 865.00 134.00 
26-1066 Model {fl 48K..... КҮМ 2,495.00 2,243,50 *2,149,00 346,00 
Radio Shack" TRS-80 Color Computer 

| 26-3001 4K Color Сотршег.,............... 399.00 359.10 359.10 39.90 
26-3002 16K Color Computer.,...... аже: dn 599.00 539.10 539.10 59.00 
Atari CX-2600 Video Computer System 180.00 164.95 184.95 15.08 
Pioneer* VP-1000 LaserDisc Player CALL FOR PRICES = 
Mattel Electronics® Intellivision” Home Video System CALL FOR PRICES. | Pan American 
Magnavox* Odyssey? Home Video System CALL FOR PRICES ü 
Magnavox* Magnavision" Videodisc Player CALL FOR PRICES EI ect ron [ cs 


CALL TOLL FREE 800-531-7466 e (Operator 19) • Texas & Principal Number 512/581-2766 е» Telex 767339 
Dept. 19 * 1117 Conway Avenue * Mission, Texas 78572 
NEW BRANCH 


SUNNY LOW LOW COST 
POWER.SUPPLIES 


FOR S-100, FLOPPY DISKS. в” я i — 
KIT 1, 2 & 3 For 5-100 ЯЗ For Three 8" or 93 2 in 1 Uni tor 5-100 and 
5%" Disk Drives two 8" or 5%" Disk Drives, (t fits 


mast Disk System Mainframes 
S-100 POWER SUPPLY KITS (open FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 
[TEM АВЕ @ + В Мае @ - 9 Vdc @ + 16 Vdc 10 Yde 8 + 28 Yoo SIZE W x D un 


15А тд ЗА А 4А 14" а В" к 4%" 87.85 


DISK. DRIVE POWER SUPPLY “RJ” REGULATED, OPEN FRAME, ASSY. 8 TESTED , 67.95 


‚ 5V @ 5А OVP SV @ 1A - 2AV БА SHORTS PROTECT 2 SIZES AVAIL 1)9 (W) » 64 (D) x 4% (H) 2) 9" (Ир: аһ (D) = 54 (Hi 
OPTION IJR PLACE $ 24V ВУ + 12V, 2) FOR SIZE 1 ONLY, ADD + 12V @ 1A АТ AN ADDITIONAL $12 00 
IDEAL FOR THREE 8” or 5*« FLOPPY OISK DRIVES SUCH AS SHUGART 801/841 SIEMANS FDD 300-5200 8 ОН 100 5 ЕТС. 


DISK SYSTEM PWR SUPPLY “S3” орем FRAME, ASSY. 8 TESTED COMPACT SIZE, 10 (W) 5 (D) » 5 |Н) 92.95 


REGULATED OUTPUTS FOR DISK DRIVES «бу @ 4A. 5v p 1А. „24 @ ЈА (ОН. 2v @ 4A} SHORTS РАО 

UNREGULATED OUTPUTS FOR S- 100 «BV @ MA + 16у @ ЗА GETON, ADD Ove FOR S SV. ADD 5800 

А COMPLETE UNIT FOR DISK SYSTEM WITH THE MAINFRAME CONTAINING 12 SLOTS or Sta DISK DRIVES 

POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

ITEM PRIMARY SECONDARY 91 SECONDARY #2 SECONDARY #3 SI2EW* 0 < Н PRICE 
110/120 2 х В Мас, 15A 28 Vac, СТ, 25A ча эн ges eror 
110/120 2 4 В Vac, 25А 28 Vac, CT, 35A Sw". а" ou" 2796 СӘЙ. 22 dee scd Аы. 42,4 
110/120 2% В Vac, 15A 28 Vac, CT. 2.54 Su" an" азы ЖҚ пос с | 


10. nada. Са!!! Residents add 6% 
110/120 2х В Vac, ВА 28 Vac, СТ, 15А "СТ. ЗА, Gi wow ass dsm: ЖОК KM Gall панохе 
110/120 2x8 Vac. GA 28 Мас, СТ 2A 3232290 14.95 


MAILING ADDRESS: SUNNY INTERNATIONAL SHIPPING ADDRESS: 
TORRANCE © A 90510 (TRANSFORMERS MANUFACTURER) 22129 S. VERMONT AVE [-—] 


TELEX 8508010 s arxswwomuc (213) 328-2425 MON-SAT 9-6 TORRANCE. CA 90502 
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Better Produ 


JADE 
Double-D тм 


Get the Inside Track | 


Я " ғ ..- ғ zl 
a d ` е 4 
à x ) | a | 
- ES AM "i LE бер Ы ee 


5.100 bus compatible « Reada and writes single 
or double density е Density is software selectable 
e Controle up to four 6-1/4" or B", single or double- 
sided drives ®Single or double-sided drives may be 
mixed in the game system е On-board 7-80А to 
assure reliable operation * EIA level aerial printer 
interface on board, baud rates to 9600 (perfect for 
deapooling operations) 6% Uses IBM standard 
formats е Designed to meet IEEE signal 
disciplines € Works with 8080, 8085, and 2-80 
CPU's 
IOD-1200B Hare Байға 
IOD-1200K Кі. 
[OD-1200A 447... «аат $375.00 
SFC-58001200E DD boot PROM ., $20.00 
SFC-58002001F CP/M 2.2 for DD . $149.96 


JADE 
Memory Bank m 


8 or 16 Bit Dynamic Memory 


А БАК $100 dynamic memory that looks toward 
the future. е S-100 standard pinout and signal 
discipline © B or 16 bit words, automatically, 
depending on the type of CPU on the bus e4-layer 
РС hoard designed for extremely low-noise 
operation. 

With ita on-board refreah controller, this board 
allows DMA operations without regard to time 
factors. It will:run reliably at any syatem clock 
rale up to 4 MHz-because it ig clocked with the 
system clock itself (no one-shots are used for 
Liming operations). Its unique design enables it to 
switch from a 64K by B-bit board toa 32K by 16-bit 
board automatically (reaponds to IEEE's 16 Наві 
line and, if enabled, replies with 16 Grant). 


назива зи 


c db юш es ee eee ee ыш 


МЕМ-99730В Aare Board ........... 849.95 
MEM-98730K Kit, no RAM pio‘ 8189.85 
MEM-16730K КА! ............ 9219,85 
MEM-32731K 32K hit .,.. ... ... $239.95 
MEM-48732K 48K kit ...... . $258.95 
MEM-6864733K 64K Ait .... ........ 8279.95 
Assembled & Tested d $50.00 


4 МН: 280 CPU, 80 x 25 Шаріпу with gruplucs and 8 


wios, 32K RAM, 24K ROM, parnullel/srinl /casselte | 


interfaces, npper/luwer case, пітегіс keypad, 10 special 
function keys, utes CP/M 3.2. 

NEC-8001A 32K CPU/keybaurd .. $1005.00 
МЕС-8012А f/O with 32K RAM .. $695.00 
NEC-S031A Dual dish ипи... .. $1095.00 
VDM-651200 12" green CRT . ..... 8289.95 
NEC-1202D Hires RGB color СЕТ $1045.00 
МЕС-00005 Gen. accting softwere . 8375.00 


JADE 
The Big Z ™ 


Z-80A Based CPU 


Power-on jump to EPROM 
CPU-30Z01K Ки 
CPU-30201A А ё 7 i 1+ pete 
CPU-30200B Bare board қ 


Memory Chips оп Sale 


1-4 
4.35 
4.640 

24,90 
H.E 
19.940 
24.90 
З. 
6.941 
ED 
Энн) 


І 1 


It-24 
24 
М 

19.90) 
7.45 
15.45 
18.50 
Мн) 
6.25 
289 
21.90 


25-10 HH 
2.75 
3.45 

15.960 
6.45 

12.45 

15.90 

24.14) 
5.50 
2,49 


22.0) 


21141, 4 МЫ 
2708 2 МН: 
2539 2 МИН? 
2716 3 MH: 
2716 4 MH: 
2732 2 MIT: 
2732 4 Mik 
2758 9 МН: 
#116 200 ns 
A164. 2300 ях 


 JADE 
Disk Sub-Systems 


Shugart, Siemens, Qume 


Handsome metal cabinet with proportionally 
balanced air flow system 9 Rugged dual drive 
power supply € Power ruble kit e Power switch, 
line cord, fuse bolder, cooling fan а Never-Mar 
rubber feet * All necessary hardware to mount Z- 
B" disk drives, power supply, und fan * Does unt 
include signal cable 


Dual 8" Subassembly Cabinet 


| END-(400420 Bare cabinel . .. $59.95 
END-O000421 Cahinet kil . $225.00 
END-0QUn431 AAT $ ‘ $359.95 


8" Disk Drive Subsystems 
Single Sided, Double Denaiiy 
END-(QUOA23 Кии 2 РОН . $975.00 
END-0(040424 A € Tw 2 FDHNE-SDs $1175.00 
END-OUQOQU433 Киа 2 8А-801 Ин 5999,95 
END-000434 Ad Tm 2 БААГА $1195.00 


R" Disk Drive Subsyatema 
Double Sided, Double Density 


END-000426 Ки a 2 Ts 51475.00 
END-000427 A & Ти 2 DF-&s $1875.00 
END-000436 Ki w 2 SA-85tRs . $1495.00 
END-000437 Ad Tu 2 34851 Rs 91695.00 | 


Сігсів 178 on Inquiry card. 


85-100 bus compatible € Switch selectable 2 ur 4 
MHz operation а Serial [^O port ә Accomodates à 
2708, 2716, or 2732 EPROM in shadow mode 
allowing full use of HE НАМ е MWRITE zignni ia 
generaled automatically if used without front 
panel э On-board 8251 USART contrais seria) port 
ні baud rates from 75 tu 9500 інші ө Switch 
selectable 1K. 2K. or dK boundary fully buffered e 


$139.95 
$189.95 
$35.00 | 


2.49 
2,90 
12,90 
5.75 
11.75 
12.90 
19.940 
4.50 
1.99 
19.80 


| customizing and modification. 


JADE 
S.P.I.C. 


Our *SPICy" New МО Board 


pez nme mmm nmm т нн 
ELITS TELLE Briel ei iai СУРА ЕЕ ГУТ 
- е, "D 


E mde Ж. E = 


New, from JADE, one of the most advanced, 
technologically sophisticated Senal/Paralle! 
Interrupt Controller systems in the world. On a 
single IEEE S100 standard hoard, JADE has 
packed two bi-directional parallel ports with full 


handshaking, four serial channels (asynchronous, | 


IBM-compatible bi-aynch, synchronous, 


HDLC/SDLO) with full and complete modem 


control lines, and 16 counter-Hmer channels. 
Utilizing the highly advanced Zilog peripheral 
chips, (2-80 SIO, PIO & CTCs), the SPIC board їн 
fully programmable to serve os the foundation for 
n multi-user multi-tasking syetem. Each of the 
seven 2-80 peripheral chipa can generate Ив own 
interrupt vector, with daisy-chain priority levela, 
Each counter-timer channel can be programmed 


to monitor an interrupt vector line on the 5-100 


bua, Each SIO channel сап be driven 


independently with separate Tx /Rx clarks so your 


peripherals can have varied baud rates from 110 to 
76,800 haud. 


IOI-1048B Bare Board, ........... 
IOI-1045K 2 СТС, ! SIO, I РІО 
IOI-1045A А&Т.. . ая» е» 
ІОІ-1046К 4 CTCs, 2 510%. ГРО 
IOI-1046A A £ T 


$43.95 
8178.85 
8239.85 


те тиш 


Build It Yourself and Save $1850 


Complete S-100 Micro-Computer Kit 
4 Mhz Big Z CPU, 64K Memory Bank, Double.D 
disk contraller, 12 slot mainframe, dual disk sub- 
assembly with 2 double density &" dink drives & 
power supply, ADDS Viewpoini terminal, CP/M 


‚ $219.95 


2.2, boat PROM, system manitor, & all necessary | 


cables and manuals - PLUS FREE Business 
Software Package. Save aver 81850.00 $2795.00 


Jade Business Software 


Now, for the first time, at an amazingly law price, 
CP/M and SDOS users can get an affordable 
business sofiware package. Just look at these 
programs! All come complete with basic code 
(written t тип under СВАЗН Г) for easy 
АП software is 
self-dücumenting. The package price includes a 
würd-processing system. When printed on the 
вувіепув printer, all files with the extension 
XxxTOT. constitute a cemplete manual. No 
manuals are supplied with the package other than 
us [hey appear on the disks. All softwure is 
supplied on В“ premium quality JADE Diskettes. 
Suflware sold as is. (Sorry, but at these low prices 
wo enn nat offer our usual friendly support and 
handholding.} 

Includes; General Ledger, Payroll, [nyoicling, 
Inventory Control, Accaunts Recinvable, Cash 
Disbursements, Fixed Авәгіз, Cosh Recoipts, & 
Mailing list Management 

Special Package Price ice 


5248.85 | 


Lower Prices, 


Single Board Computers 


Printers 


BEST BUY in PRINTERS - Epson 


| МХ-70 133 column, 80 CPS, 5 х7 dot matrix, ndjusiable 


| PRM-27070 List $459 ,, |, 


rractnr fved, & graphics 
... $399.95 


| МХ-80 112 evtumn, 80 CPS, bi-directianal/ logic seeking 


| 16К Atari 


printing, 9 x 8 dot matrix, adjuatably tractor fred, & 64 
graphica characters 
РНМ-27080 List $645 8474.85 


MX-BOF'T same аз MX-80 with friction feed and fuil 
uraphick ndded 
PRM-27082 List $745 arog м ри $574 «ВБ 


МХ-100 254 column.correapandence quality, ultra-high 
resolution тїрїї. up ta 15” paper, friction feed & 
removable: adjustable tractor feed, 18 х18 dot matrix, 80 
CPS, programmable forms handling 


PRM-27100 List $945 


PRA-27084 Serial interface .. ..... $69.95 
РНА-27088 Serial intf & ЗК buffer .. $144.95 


тт besa, © - 


LAN AN E ря 


РНА-27081 Apple card eva pee = 874.95 | 
PRA-27082 Applecable .., .,....$22.95 
PRA-27086 IEEE 488 card .... .. $52,95 
PRA-Z7087 TRS-SO cable |, .... 839,95 
РНА-27085 Graftrax ЇЇ 1a yea. . $95.00 
PRA-27083 Extra ribbon ....... $14.95 | 
SPINWRITER - NEC 
65 срв, bi-directional, letter quality printer with deluxe 
tractor mechanism, l and serial interfaces on- 


board, 18K buffer, ribbon, print thimble, graphics, micro- 
spare justification, data cable, and self test/diagnostic 
ROM. 


PRD-55511 without [6K buffer .. $2796.00 
PRD-55512 with IGK buffer ...... $2895.00 


Accessories for TRS-80 


DISK DRIVES for TRS-80 
23 more storage, 8 times faster, 40 track with free patch, 120 


пау warrdaty, 
MSM-12410C Save $125.00 ff .... . $325.00 


8" DISK DRIVES for MODEL П 
4 double density drives with cabinet, power supply, & cables 


END-000433 Kit ................. 81050,0) 
END-000434 Assembled ..,....... $1250.00 
WCA-5038A Coble (reguired) ........ $29.85 


‚ $359.95 


ATARI 80%) - Atari 
Complete persona! computer with high resolution colur 


| тарси, биін AF modulator, 4 controller ports, ierant 


өрсейне, IGK НАМ & 8K HOM 


SYO-208DA 16K Atari 900 ..... . 8759.95 
Atari 800 with 32K of RAM $789.95 
Atari 800 with 48K of RAM |, $849.95 
SYO-2040A IGK Atari 400 ...... 9359.95 
MSM-330810 Dish drive ....... . 8585.00 
MSM-330B15 Dual drive 2а. $1395.00 
10Х-5050А 850 interface -. . $199.95 
МЕХ-1ВВБЗК 16К RAM module |. 560.95 
5Е].24 1011005 Visicale .......... $181.95 


101-2054A Parallel А & T 


Accessories for Apple 


16K MEMORY UPGRADE 
Add 16K of RAM to your TRE 40, Apple, or Exidy іл just 
minutes, We're sold (howsands of these JEK RAM 
upgrades which include the appropriate memory chips ies 
specified һу the manufacturer), olf пегеваагу jumper 
backs, faal-pronf inatructiuns, and eur | year guarantee. 
MEX-18100K TRS-80 kit IRR tes we $25.00 
MEX-16101K Apple hit SEGRE ERE ROSE $25.00 
MEX-18102K Exidy hit IN CA за € 4 $25.00 


16K RAM Card - Microsoft 
I There is life after ЧЕК] 


МЕХ-16300А 4 & T.... ... . .... $174.95 


Z-B0* CARD for APPLE 
Two computers in one, 280 & 6502, more (Жал doudles the 


8795.00 | 201° 2 potential of your Apple, includes 2-80 CPU card, 


CP: M 22, & BASIC-30 


CPX-30800A A & T чачу $299.95 


titta 


APPLE CLOCK - Cal Comp був 
Real time clock w/hattery backup 


IOK-2030A AAT... ... ..... 8109.05 


DISK DRIVE for APPLE 
55" disk drive with controller for your Apple 
MSM-12310C with controller . 
MSM-123101 w/out controller . . 


B" DRIVES for APPLE 
Coniruller, DOS, tw 8" double density drives, cabinet, 
powcr supply, d cables 


Special Package Price Kit i. $1399.95 


PRINTER INTERFACE - С.С.5. 
ÜCentromics type ГО card w^ firmware 
IOI-2041A A &£ T .... , . 899.95 


Ф н ж т - 


AIO, ASIO, APIO Es §.5.M. 
Parallel & serial interface for your Apple ізге Byte pg П) 
LOI-2050K Par & Ser kit ........... $138.95 
IOI-2060A Par & Ser A 6 T oss 8160.95 


IOI-2052K Serial kit .... . , . $89.95 
IOI-2052A Serial A&T . suc.» $99.95 
IOI-2054K Parallel kit белезіңілае ann 568.95 

ез ев . $388.95 


А488 ы S.S.M. 
IEEE 48H contrulier, uses simple basie commands, 


| includes firmware and cable, 1 year guarantee, (see April 


Byte pg tt} 


ІОХ-7488А АЖЕТ. $398.95 


ГАЕТЕ а, m 


CPS MULTICARD - Mtn. Computer 
Tha cards fione! Кей time ciwek eademiar, serial interface, 
È parallel инег{пге add on one card, 
IOX-2300A A&E T ; ,. 8199.95 


Apple-CAT - Novation 
Software selectable 1200 or 300 baud, direct connect, auto- 
ansmer/autü-díal, auxiliary {илге К5232С serial port far 
printer. 


IOM-5232A Save БОЯЙ... 


..--- 8475.00 | 
$375.00 | 


| V 177-90 1250 List $1195.00 


8338.95 | 


AIM-65 - Rockwell 


AME numputer wth alphanumvric display, printer & 
keyboard, and cómplete instructional manuals 


СРК-50165 JK AIM ... . . 8424.95 
СРК-50465 4K AIM > $499.95 
SFK-74600008E ЯК BASIC ROM ... 899.95 
5РК-64800004Е ЯК assembler ROM 594.095 
PSX-030A Power supply 4.2 $64.95 
ENX-000002 Enclosure | . a. . $84.95 
ІК ДІМ, «К BASIC, puer пиру, & euctuure 
Special package price $675.00 


2-80* STARTER KIT - SD Systems 
Complete 440° campater with RAM, NOM. ГО, dísplay, 
keyboard, manual, ond kluge aren. 

CPB-30010K Ай .............. — $380,985 
CP&-30010A дет ee 444 2459.096 


ek а = = 


- Tee - - 


SYM-1 - Synertek Systems 
Single board сөтрінег uit LK oi RAM, 4K uf ROM, ісуі. 
LED display, 0ma @ cassette тї an бог. 
СРК-50020А A & T $249.95 ! 


Video Terminals 


VIEWPIONT - ADDS | 
Detarhable keyboard, senal RS339C interface, baud rotes 
from 110 tu 19,200, nusilipry serial output port, 29 » ВО ИКИ, 
table screen, iniernational character art | 
VDT-501210 Sale Priced TIT $639.15 | 


TELEVIDEO 950 
Oviechable Аеуйвауа, split creen anth linr lock, etched CRT, 
Programmatic function дуа, ont acrern atatua hnn, buffered 
auxiliary port, 18 к 10 dot matrix, self test. жегісі найти. 
wide he General Electric 
SHS ND ` 


Video Monitors 


Leedex / Amdek 
Reasonably priced video monitors 
VDM-801210 Video 100 12" B&W ,, $139.95 
VDM-8B01230 Video 100-80 ІЗ" B& W $179.95 


УРМ-801250 /2" Green Phospor , 8160.05 
VDC-801310 /3"Color] . . .. $379.95 


13" COLOR MONITOR - Zenith 
The hi res colar you've been promising yuurself 
VDC-201301 ...,...,. 8448.00 


12" GREEN SCREEN - NEC 
20 МНЕ PSI phosphor video monitor with ант, 
exceptionally high resolulion - А fantastie monitor at a 
шағу reasonable price » 
VDM-651200 /2" monitor ... .. $269.95 


ізезі»- 


zar- 


EPROM Erasers 


EPROM ERASERS 
1.5, Engineering UV eraser for up tu dk EPROM» 
XME-3200 A & T . $39.08 


Sprelruniva hi intensity industrit eraser 
AME-3100 Without timer 840,50 
XME-3101 With timer . . $94.50 

Circle 179 on Inquiry care 


[E 


РВ-1 -5.5.М. 
2708, 2716 EPROM hoard with built-in programmer 
MEM-98510K Kil .... ......, 5154.95 
МЕМ-99510А A & T 8219.95 


PROM-100 - SD Systems 
2708, 3716. 3732, 2758, 8 2516 EPROM programmer 
МЕМ-99520К Kit ....... ay $219.95 
МЕМ-99520А Jude А € T — д. 3269.95 


EPROM BOARD - Jade 
IEK оғ 32K uses 2708's оғ 3716's, ІК boundary 
MEM-16230K Ait ....... ec xao iE ES $79.05 
MEM-18230A А&Т........--. ... 8119.85 


[LN M *"*oehbud 


S-100 Video 


\В-3 - 5.5.M. 
NH characters x 24 linen sions lo 80 x 48)оға full page 
af text, upper & шег case. 255 user defined aymbals, 160 = 
193 graphica matrix, memory mapped, hae key board 


три}. 

[IOV-1085K 4 MHz kit А . $340.95 

IOV-1085A 4 MHz A& T. . .. $439.05 

IOV-1086K 40 x 48 upgrade ... ... $39.95 
VDB-8024 - SD Syatems ! 


90 x 24 LO mapped video board with keyboard 1/0, and 
өл-Мнігіі БОА ч, 

IOV-1020R Kit . ә» түз туже 8398. 05 
IOV.1020A Jade À & T i, ........ 8458.85 


VIDEO BOARD - 5.5.М. 
64 characters x 16 lines, 128 x 48 matrix for graphics, full 
upper? lower сове ASCH charocter set, numbers, aymbols, 
and greek lettera, normal /reverae/hlinhung video, S-100. 


IOV-1051K Kit... , -..... 8149.95 
IOV-1051A AGT , ............ .. $219.95 
IOV-1051EB Bare bourd (ERTE - 834,95 


Motherboards 


ISO-BUS - Jade 
Silent, ai ple, ond nn sale a better motherboard 
8 Stor (5'4" x йм”) 
MBS-Ü081B Bare board 
MBS-08IK Kit ағай 
MBS-081A А4Т..... ...... | 
12 Slot (834" x H*e"j 
MBS-121B Bare board 
"BS-121K Ки... 


+ CEE DS SE DE T S a E E ё 


eo witeaererae $39.95 
rew | $49.95 


ворення . $29.95 
остова nae $69.95 


Жа Phone 


MBS-121A AST, o ....... ‚ $89.95 
18 Slot 149” x ањ") 

MBS-181B Bore board .... ....... $49.96 

МВ5-181К Kit ciron . $99.95 


MBS-18tA A &T ......... 


Mainframes 
MAINFRAME - Cal Comp Sys 


I? ator S100 mainframe unih 20 amp power supply 


ENC-112105 Kir . ' $379.95 
ENC-112108 A&T .... $409.95 


DISK MAINFRAME - N.P.C. 
Ныпх 3 8" drives nnd a 12 нін Б-НИ} визит, Attractor 
ariel cabinet with 12810: тного & ear веде, poer 
шағу, dunt fons, laiton ated, end other profes 


Т 
ENS-I12325 with 25 amp p.a $899.95 


‘ole 178 on Inquiry саға, 


$19.96 | 


. 8139.95 | 


| Special sale price .. .. 


| and software manuals, boot PROM, cabinet, power supply. 


RENNENE 
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EXPANDORAM II - S D Systems 
4 MHz RAM board expandable from ПАК to 64K 


MEM-18630K /6K kit ...... ... $275.95 
MEM-32631K 32K kit .,,- 1,- $295.95 
MEM-48632K 48K kit 2. .. $315.95 | 
МЕМ-64633К 64K kit i $335.95 


Assembled & tested % аи] 4 ay add $50.00 


64K RAM - Calif Computer Sys 
4 MHz bank ром 
addressing, 16K hank selectable, PHANTOM line allows 
memory uveriay, 8080 7 2.80 front panel compatible, 
MEM-64565A A&T.... 


32K STATIC RAM - Jade 
2 or 4 МНЕ expandable afatic RAM hoard uses 211419 


MEM-18151K J6K 4 MHz kit . . .. $169.96 
МЕМ-32151К 32K 4 MHz hii . $299.96 
Assembled & tested ....... .. ... . Hdd $50.00 


16K STATIC RAM - Mem Merchant 
4 MHz IBN static RAM bourd, IEEE S100, bank selectable, 
Phantom capability, addreesahie in 4K blocks, “diaableoble" 
іп ІК segments, extended addressing, ipw poer 
MEM-18171A Ad Г 


S-100 Disk Controller 


$174.85 


DOUBLE DENSITY - Cal Comp Sys | 


51% and 8" Шай cuntrofler, single or double denaity, wiih 
on-board hat hader ROM, and fe CP: M 2.3" and 


manual ser. 
IOD-1300A AT 8369.95 


+> thee * f ^ 


VERSAFLOPPY П - SD Systems 
New dauhle densify cantroller for both В" & 50 
IOD-1180K Kit, ... $339.95 
IOD-1160A ЕТ... 


== =» 


% k 


Disk Drives 


8" DISK DRIVES 
Highly reltabe dauhle density floppy disk drives 
Shugart 801 R single sided, double density 
MSF-10801R SA.30j]R .. ... .---., $425.00 
Special Sale Price 2 for $790.00 


Shugert 851R double sided, double density 
МЗЕ-10851Н SA-S5iR ........... , $595.00 
Special Sale Price В for $1150.00 


Siemens ҒОТИОС-ЯГУ2 single sided, duuble density 
MSF-201120 та. $385.00 
Special saule price ... ... 2for $750.00 


Qume Datatrak 8 double sided, double density 
MSF-750080 SA-85! R rompatible . $599.06 
... 2 for $1160.00 


JADE DISK PACKAGE 
Double density controffer, Ноа 8" daubile denmty flappy 
disk drives, CP/ М 2.9 feanfigured for controller), hardware 


“Жет one ж 


fon, & cables 

Special Package Price Kit ....,. $1395 
BA" Diskettes Bux of 10 .. $22.00 
‚, 524.00 


ІНІ 


B8" Diskettes Box of 10 . 


bank byte selectable. extended | 


... $576.00 | 


| I01-1010K Kit... 


eso. 8379.95 


СВ-2 2-80 CPU - 5.5.М. 
2 or 4 MHz 2.50 CPU boord with provision for up to ЯК of 
ПОМ or 4K of RAM оп board, extended addressing, (EEE 
5-100, front panel compatible. 
CPU-30800K Кі ............... 8230.05 
CPU-30300A A&T ............... 8299.85 


28107-80“ CPU - Cal Comp Sys 
3,4 MHz ZBA CPU with R929320 serial LO port and on- 
board MOSS 2.9 monitor PROM, front panel compatible. 
CPU-30400A AT.. $269.95 


жеоо заз з = 


SBC-200 - SD Systema 
4 MHz 260° CPU with serial ё parallel 1 ‘O ports, upto ВК 
af on-board PROM, software programmable baud rate 
generator, ІК of on-boord RAM, 2-80 СТС. 
CPC-30200K Ки .......... -- --.- $899.05 


5-100 I/O 


1/0-4 - S.8.M. 
32 serial E/O ports ріш 2 parallel ІРО parts 
——— №1705 
101-1010А А4Т....... -— m 9248.85 


tOI-1010B Bare board ЭШЕМ 


-Limited 
Quantity- 


10М-5200А List price $188.95 . .... 


D-CAT 300 baud, direct connect modem 
10М-5201А Special sale price 


AUTO-CAT Auto answer ‘origiate, direct cannect 
{OM-5230A Special sale a $239.95 


= рит 


Place Orders Toll Free 
Continental U.S. Inside California 


800-421-5500 800-262-1710 


Fur Technical Inguires or Custnmer Service сай: 


213-973-7707 


ew ИЕ» 
Computar Products 


490! Wo Rosecrans, Hawthorne, Са 90250 


TERMS of SALE: (Cash, checks, credit. cords, or 
Purchase Orders from quulified firm and inatitutions. 
Minimum Order $15.00. California residenta add 6% 
rai Minimum «ipii; & handling charge $100 


'tricing & nvailibilils subject in change 


$125.00 | 


$169.05 


* CPC-30200A Jude А & T 43 bee ba de $300.55 


| 


F 
| 
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16K Memorv 8/$16.95 
4116 300ns \ 
ALL MERCHANDISE 100% GUARANTEED CALL US FOR VOLUME QUOTES 
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(ponies 0 НЕТ 191.99 192855 
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745571 


JDR MICRODEVICES, INC. He Pado mper pe cie ir dm 


(101 South Winchester Bd. | Rose tga Estes Қаға тақ namie an 
TAM ee Son dan anes AR substitute manufacturer, Prices subject to change wilhout 
408-247-4852 


Circle 181 on inquiry card. 


АК STATIC RAMS 8/18.95 


2114 LOW POWER 450ns 
ALL MERCHANDISE 100% GUARANTEED CALL US FOR VOLUME QUOTES 


SEPTEMBER SPECIALS 


4116 
4116 


2 


мА CPS Pe Be o mt 


150ns 
200ns 


8 for 19.95 


NE 
ы 8 for 17.50 


але 


+. © Гь QD Be = АЈ на ul + 
Jo кей 


E 


2708 
2716 
2732 
2532 


2.99 81ог 2.75ea 
5.95 8for 5.506a 
16.50 8for15.95ea 

19.95ea 


Intel and NEC 
Intel 
Ti and Hitachi 


oSSEESIRRRRRSREREBRR 
ы En La ^X ID UB OS OV ED UR 
880556509558 OD 


SBD nomnan 
молл mos 


$ 


Z80A 
280А 
280A 


6.00ea 
6.00ea 
15.00ea 


PRT RRRS SSRSSRRRESRSRRRRSASRSS 


ipu a даза 


ж." 


SOCKETS 


1.100 М 
13 
18 
ы 


4.75ea 
35.00ea 
10 for 3.00ea 


Intel 
(8272) 


8251А 
UPD 765 
LM323K 


аванса 
КЕ RRBREDROR 


BEFORE YOU BUY CALL — 


JDR FOR THE BEST PRICE. 


мм 
„ы ^1, 


LS SPECIALS 


.99 
.99 
-99 


[o] 
1: 


я 800-538-5000 


LS240 
LS241 
LS244 


[ 5245 
15373 
51374 


Bayes 


(CALIFORNIA RESIDENTS) 
(Sale Ends September 30, 1981) 


DYNAMIC RAMS 


4027 250ns 2.50 
4116-150 (150ns) 8/21.95 
4116-200 (200ns) 8/19.95 
4116-300 (300ns) 8/16.95 
4164 200ns) CALL 


EPROMS 


{qus 
450ns 
450ns 
450ns 
350ns 
450ns 

(450ns) 


Jumbo Red 1081, 
Jumbo Gean 6/1, 
Jumbo IN 6/1, 
MAN74.3'GC 
МАМ? .3'CÀ 


STATIC RAMS 


2101 
2102-1 
21L02-1 
2111 
2112 
2114 
21141.2 
2114L-3 
2114L-4 
4044-4 
4044-3 
ТММ2016 
МВ6116 


Circle 181 on inquiry card. 


(450ns) 
(450ns) 
(LP) (450n5) 
(450ns) 
(450ns) 
(450ns) 
(LP) de 


(300ns) 
(LP) (450ns) 
450ns) 
300ns) 
(200ns) 
(200ns) 


LP = 0м 


POWER | 


JDR MICRODEVICES, INC. 
1101 South Winchester Bivd. 
San Jose, California 95128 

5000 1 ilm (Callf.) 


800-538-500 
408-247-485 


745571 


TERMS: For shippi 
for UPS Bius Label Air; $10. Bay 
Residents м 6%: % asian tax Calli. "Residen ts add 6% 


reserea 
substitute таннае. Prices enl іс 


(Sv) 4096 х8 (450ns) 17.95 


32 x8 
256 x 4 
Ts 32х8 
ос 256х4 
Т5 256 x8 
TS 512 x8 
TS 512x 8 
OC 512x4 
TS 512 x 4 


(82523) OC 
825129 5 
8251 2) 
825126 


82514 


(825131) 


include $2.00 4 UPS Ground; $3.00 
00 minimum ordar. де 

tha right to limit quantities and 

ange without 


WHAT'S NEW FROM CONSUMER COMPUTERS 


Consumer Computers announces it’s lowest prices ever. 


The versatile Apple Computer | АТТАП ABLE 
NOW! 


Apple Cards and Hardware 


16K Ram Card by CCI жай низь твер Рева 

Language System w/Paacal ...........».»...-.», , 379 
Sientype Printer w/Interface card .........-. ..... 349 
Hayes Micromodam ЇЇ т.ктеешфикіӛші«фекзйаееіе та 299 
Novation Apple-Cat I ытетит яғтале«егтетіті 339 
Мех videoterm Bü column wigraphice — MÓ 259 
2-30 Softcard by Microsolt -ajeésw-942pas* i eX hon d & 299 
16K RamCard by Microsoft dtu koe ви» ға 159 
АВТ Numenc Keypad fold or new hye . PERERA HE DE 130 
ALF 3 voice Music Card . BARS AP CER EDN ETRE SHE 239 
ALF 9 voice Music Card . ученый RR RAnrzünbdsb 169 
Heuristics Speechknk 2000 . E TEES ee 
Alpha Synlaur Keyboard Syslem | казы нь ке. EN 
Corvus 10MB Winchester UM voe ons CALL 
Lazer Lower Case Fus? rt re shew eee TITIITIPIIE $5 
Micro-Sci Disk Drives (A40 & A-70) . —— CALL 
SSM AIO Seria/Paralle card ART ..... ажы» «таа» 189 
Sup-R-Terminal ВО Column Card ...............- t 329 
SVA 2УХ4 Megabyter В” disk controler .......... 589 
SVA 2+2 Singe Den. 8” disk controlar LE EFESE ES EEE] 345 
Versawriter Digtizer Раб... оез чоо 22% 
Digaector Camera interlace , ....-....-..-...... 2%) 
ThunderClock Plus тирании ею они SEAHEC HPA тт 119 
Symiec Hi-Res Lisht Pen ЕТПЕ a 210 
Inteaer or Арріевай Firmwave card А+ tna TT. 


Graphics Tablet язкашътаафнефьонац ааа ш жзйінетете жж 819 
Parallel Ритиет witeciace cud риф Е TITTPTTITE 135 
Hi-Speed Senal inleriace card волею нина 135 


Smarterm 80 column card ..,....»........-2...-.. 2% 
Joystick by Keyboard Со. .кәкавезіктенийғілізінезеі a 
Music System (15 Voices) tettes DFAR OHNE зевая та + $79 
A/D + D/A interlace .. жішжтерізізіиееннаакейвнійер 289 
Ехрагадол Chassis . зозлоеч о ваяния 6e EPA PS 598 
Intro X. 10 controller card . wawagwyhnwizsinutéqeiwienmchie 169 
Clock Calendar card *3*7*99u*24»rftplihbcU-tA-^» Ahhh n) 225 
CPS Multi-lunctian card Ачеаеичцтен аң іййеткейтетіе 189 
Superlalker БЕРМЕ РРСРР 4niuepus TT 
Romplus+ Card MENTEM "— EGG 
Romwrier Саға ......». nnn ue 
Сс Calendar Module . "Ааклакедтей FS eR ERE om 99 
GPS IEEE 443 Саға 44 чета в ачаа жжтеРріеғ + 249 
Asynchronous Serial interiaca Card. — LD 
Centronics Parallel Interface Card .,................ 99 
Anihmetic Processor Card ....................... 299 
We carry ай CCS cards. please сай for bent prices. 


PC.-8001A 32K RAM COMPUTER . 
РОЗА WO UNIT W/32K RAM ..... Tr | 
PC-8031A DUAL MINI-DISK DRIVE UNIT weep CALL | 
Please write for more information about the NEC computer, 


*164 Ram Card inatalled on ФАК 


TOLL FREE 
ORDER LINE 


800-854-6654 


California Ж outside continental U.S. 


Apple П Entertainment байын 
(Тор Теп) 


With 
Controller 


Adventure by Microsoft —— т 


amer Сыма ,,..... Pea odd np we Де данын 5 W h 

u «жтфіетает узо родным ге то кақ ға - it out 
serge | (714) 698-8088 |с, 
Cosmos Mision (Space Invaders) .....- ........... 24 | International Telex 695-000 Beta CCMO 


Worlds Grestesi Black dock game ............ saree 00 


Solution Software 
the Apple П 


Vwuicalc 3.3 ЯАвкаввчвва ии мо kd xkck koe яние е ғ 169 


WE OFFER HUNDREDS ОҒ SOFT- 
WARE GAMES. PLEASE CALL OR 
| WRITE FOR A LIST. 


APPLE /// 


CCA Data Management . "«rdodtetuaedixkamea-ikaba RS 
DB Мамат ..... ————— cC [[ 
WordStas (Apple В EO co. o. version) . — ET ЖР 
Super Тек 1... ———— ИЗ! 
Desktop Plan Ё рии я и RRR er Re "aa 169 
Applewnter Ce PITT Tee Te ee Se CS TPC ee ee fan 65 
[nlatary -»wenhusuceuvsákdvw РЕЧТИ ТІН vores 225 
Landlord Apt. Mngmt "29324 bhxadtdeébtnuabakwsxtül | 649 


арата 4 175 | 


жае тией RARER 


а- альлицициеуітшіей» 


ASCI Ex resa .шарата энесен екеу алетлери 414 59% 
Peachtree Boriness Solwere (2 


WE SELL HUNDREDS OF 
| FEATURE FILMS ON VHS | 


AND BETA VIDEO ТАРЕ. 
CALL OR WRITE FOR À 
PRICE LIST. 


оное т ++ їн 


% 
талелитаартимталтицеайфеһаййт 
Real Estate Analyzer RPK R RHEE KEE KG AGENT gu 
Tax Prepares 444AapR5  ÀxhábquukERédebahét)desbs»uce5 
DOS Toolkit te@t@tesn е Coe oe ee А, Фалев b43259»3 65 
Tax Planner TTT Te Terr Ter Tee шин и 4% abad 9% 
Dow Jones Purtfólio Evaluator ..,..........»....<»ү.. 45 
Doe eiea "HG Reporter Senet eed ee se Fe 85 
Appie Fortran mýabrnnrastnáimànmkunun dré КЕЧЕЕ 155 
Apple Pilot ace атла» зи о» FREDO at 129 
Controller Gen. Bus. System ATIS TE 499 
The Analyzer Dakin 5 Ұлтӛбзете nauk pe оа 519 
Music Theory ———— PIT “ра rte dest 45 


These systems come complete with the 
information analyst software package and a 
video monitor of your choice. 


96K FOR ONLY 53495 
128K FOR ONLY 53995 


ОЕ 4 «ЖЕР 
SILENTYPE /// аеннан невинна не 329 


Circle 94 on Inquiry card. 


|WHAT'S NEW FROM CONSUMER COMPUTERS 


Buying Mail Order saves time, money and energy! 


$-100 


Quality S-100 cards available now 
al incredibly low prices. 


PRINTERS 


Atari Personal Computer 


Assra & 
Tested 


ки 


CALIFORNIA COMPUTER SYSTEMS 


| 2-80 CPU 2810 кей» sim аара ны теин n/a 229 
К Dynamic Ram board POORER a RRP п/а 499 
16K Static Ram 2 MHz re Rot tes Pe the Rd ra 249 
16K табе Кат 4 MHz +твіфеФтефиа узы "sw туа 299 
БЫ. Density Floppy Disk Controller казаци га 294 
12 Sipi 85-100 Mamframe .,.............. IVA 349 


ATARI 800 16K 


| $749 


ATARI 40016K $349 


SSM 


аасы .,..........»......ӛ-.- ES 279 
104 2 par. & 7 ser. VO board . ъф елалдла Dda 183 249 
VB 3 80 -= 24 Video board [SENMZZELLEIE! 329 379 
VB-3 BU « 48 Video board ........... ‚ - 389 429 
VB-2 ҒО Mapped "нео board 64 » 16 ,... 159 219 
FBI PROM Ргаттт & EPROM board |. 139 199 


410 Dmm Recorder tepidis tetvvqt е от 65 50 SYSTEMS 
810 пе (+f lemwra ad Eaten и Аһ иь E + ми 44 
зе Ё EXPANDORAM i МН? Шев 4116 18K 240 310 
Bro 40 Cal Mad Pie е озата. aap | упати: RAM and is expandable 3206.255 325 
$22 Thermal Printer қ. чо оз ака сочараеноваоья 349 ta бк БАК. 295 365 
кз BO Col (траст Printer (Cent. 737) ............ 699 | ЕХРАМООВАМ 1 (MHz Uses — 16K..250 319 
Ite Te "ИИК ^] bru or llle A е 
Alan Light Реп ..,,.. боиы,» | expandable to 64K or 256К ABK . 289 353 
16K Ram Memory Module ............... coos. М | respectively. ЯК .308 375 
mp wid wee ona VERSAFLOPPY 1 Diak corrode - = 
SBC-100 75 MHz 7-80 w 
Ohio Scientific SBC.200 4 MHz 2.80 wl ж зә | Paper Tiger 
PROM 1% EPROM programmer 210 279 IDS- 460 


Challenger Computer We will beat any currently advertised 


price оп §-100 boards 


TOLL FREE 
ORDER LINE 
800-854-6654 


California & outside 
continental U.S. 


(714) 698-8088 
facce Hà International Telex 695-000 
Jacke Beta CCMO | 
| ? Use your Mastercard, Visa, American 


Express, Carte Blanche, Diners Club to 
charge your order phone. Open 7 days. 


Anadex 9500/9501 м; 2K Buffer ........... ++ 

C itoh Starwriter 25 CPS e4q^x4n4bàhbbrt*handund € 

С. Ном Starwrder 45 CPS mw dh om xu ode borse o d tide tie 1899 
MX- CALL 


TO . Mera havea OPP Reese mg dt hk APR NON 


Espon 

Epson МХ.80 F/T sprey EHR Rt кетте етт я CALL 
Paper Tiger 105-445 eer rte tee eee ee eee ee ee ee 659 
Paper Tiger TOS-460 Pohe rR atta hetero tse PRE Ae RRR E A 949 
Paper Tigar 105-560 seperate gee та фа ВАЕ Би ван +e 1249 
Silentype w/Apple П уча асе card тліӛзазаинайтіӛтеен 349 
Qunw Sprint 5/45 BRPHRAENINEENRZCEAT994: рингу 2495 


Sun, 8549 
мори 9399 


Exidy Sorcerer 1] 


Silentype w/apple p 
Interface 


5349 == 


How to Order: 


Ordering Information: Phone orders using VISA, 
MASTERCARD, AMERICAN EXPRESS, DINERS CLUB, 
CARTE BLANCHE, bank wire transfer, cashiers or certified 
check, money order, or personal check fallow ten days to 
clear.) Unless prepaid with cash, please add 5% for shipping, 
handing and insurance menimum $5.00). California residents 
add 6% sales tax. We accept СОСО», PO's accepied from 
Educational Insitutions. All equipment 15 subject fa ресе 
change and availability without nonce. АН equipment is mew 
and complele with manulacturer's warranty, Showroom 
prices may differ from mail order advertisement. 


Send Orders to: 


CO sume 
COMPUTErS 


Mail Order 


8314 Parkway Drive 
La Mesa, California 92041 


We have the Sorcerer [in stock at unbeatable 
prices. Available in 16K, 32K & 48K models. 
Please Call for Price. 


Video Monitors 


5.100 Expangion Ling +++. пе} +++ Кът аъён кез ч 429 
Word Procesamg Рак. ..........-......-. ааа» 179 
Developmen Pac. FRPP RRR EMBARK HEH RAR OEE ee PP? 89 


PMC-80 Micro Computer 


— 


Amdeh/Leedex Video 100 12° BAW ,.......... 

Amdek (Hach 13° Color .............. PET 359 
МЕС 12^ Green Phospher Screen butedsbtaudens CALL 
NEC 12° RGB HiRes Calor ..,............... CALL 
Panasonic 13° Color .......... /— афо фе "E @@9 
Sanyo 9" B&W "»etus элен ERE ERR + 185 
Samo T Green Phosnher Sereen irabis MALL 
Sanyo 12° B&W ТЕКТЕРІ TM 
Sanyo 12" Gran: Phospher Screen ——— Y 
Sanyo 13° Color w/excellent resolotlom ............ 449 


$599 16K 


Compatible with TRS-80 Model | hardware 
and software! 


Circle 84 an inquiry card. 


CALL US TODAY FOR 
SPECIAL SYSTEM 
PACKAGE PRICES... 


Now is the time to buy a complete 
system of your choice... 


е CROMEMCO SYSTEM 2 
е DYNABYTE 

е NORTHSTAR 

e SUPERBRAIN 


Complete with printer and software. 
READY TO USE!!! 


Participate in our expansion sale. 


MiniMicroMart is moving to larger quarters to serve 
you with a larger staff and with the largest 
inventory of systems and peripherals. 


MiniMicroVlart, Inc. 


Syracuse, New York 13204 
(315) 422-4467 


WE ARE MOVING TO 
LARGER QUARTERS! 


Thank you... 


. . for making our expansion possible and for 
helping make us the leading distributor 
of microprocessor systems, terminals 
and printers. 


We are showing our appreciation by 
producing a special catalog with thousands 
of items at greatly reduced prices. 

Call or write today. 


Help us move our inventory before we have 
to move it. 


MinilViicrolVlart, Inc. 


АЗ W. Genesee St. 
кендік Меуу Үогк 13204 
(315) 422-4467 


Circla 242 on inquiry card. BYTE September 196] 479 


1858 EVERGREEN * DUARTE, CALIFORNIA 91010 е TELEPHONE (213) 357-504 


ӘК) PRODUCTS 


©) ust wrap кіт тас, aL 
Just Wrap loot for STRI 
daisy chain wiring. тулу Р5 
ey Too! strips as it The TS strips provide 
wraps and cuts. positive screw activated 
Includes one 50 {foot clamping action, accom- 
0 spoo! of wire. modate wira sizes 14-30 AWG (1,8-0, 
25mm). Pins are solder plated copper, 
042 inch (1mm) diameter, on .200 inch 
{5mm} centers. 
Part No. Description Price 
X TS- 4 4-Pole $1.69 
TS- 8 B-Pola 2.59 
4 } Pri 
== А; == Tool $14 = LaL Laine = 
4 Е TS6MD 2-Pole Interlocki 371.79 
JWKS Tool wid Spools and А ng 
JUW1 24.65 
R-JW* FI. | l 
" ire "ipee 3.40 DESO LDERING 
JUW-1 — Unwrapping Tool 3.48 PUMP 
*Specily Color: Red, Blue, White or Easy one hand 


operation. 
Rugged al! metal 
construction, 


p" хо... Replaceable 
Pace eee” TEFLON” Tip. Selt 
— cleaning on each stroke. 
Suction precisely regulated for reliable 
desoldering without damage to delicate 


Yellow. 


Regular Modified circultry. 
M Wrap Wrap DSPI Desoldering Pump $9.95 
jux mS WRAP TOOL 
Part No. Description Price 7 
WSU30 Regular $6.95 LOGIC PROBE е 
WSUJ3OM Modified 7.95 


TERMINALS 
— “ 025 


Rp тас) (0,63mm| 
Square Posi 
— . 3 Level 
iia a Wire- 


TS Wrapping 
—— « Gold Plated 
25 PER PKG. 
et 
PartNo. Description Price 
WWT-1 Slotted Terminal $4.98 Compatibte with all togic families us- 
WWT-2 Single Sided ing a 4 to 15У power supply. 
Terminal 2.98 Thresholds automatically programm- 
WWT-3 IC Socket Term. 4.98 ed. Visual indication of logic levels to 
WWT-4 Double Sided show high, low, bad level or open cir- 
Tarminal 1,98 cuit logic pulses. 
above 2.49 120 К input impedence. 
sAutomatic resetting memory. 
sincludes tip with protective cap & 
SOCKET WRAP — ID coiled cord. 
000000006208 Slipped onio PRB-1 $36.95 
пи? ию 2242374 
socket before 
pas identify pins. Superimposes a pulse train (20 pps) or 


a single pulse onto the circull node 
d under test without un-soldering IC's. 


+ Automatic polarity sensing 


-< 2 us pulse width 


Pert й Price Price Partë Price Price 


е Finger tip push bulton actuated 
1410 1.48/10 5.5000 2210 1.495 5.85/50 
160 1.490 5.95/100 2410 1.49/5 5.95/50 e Includes tip with protective cap & 


1810 1.4880 5.00050 2810 1.49/5 6.50/50 coiled cord. 
2010 1.495 5.00/50 4010 1.485 5.00/25 PSL-1 $48.95 


ABS construction. 12" (32mm) 
travel for maximum versatility. Also 


VACUUM VISE 


Unique vacuum-based 
light duty vise Гог 
precision handling of 
small components and 
assemblies. Rugged 


features screw ugs for permanent 
installation. 


VV1 Vacuum Vice $3.49 


^ 

HOBBY- 
WRAP 

, TOOL 

‚ BW263 


е Auto-indexing 
e Anti-Overwrap 


» Modified Wrap i 
/ 
Рай №. Description Price 
BW2630 Tool $19.85 
BT30 #30 ВИ (nat inci.) 3.85 
BT2628 #28 Bil (not incl.) 7,85 
BC1 Batteries & Charger 14.85 
INSERTION/EXTRACTION 
TOOLS 
Part No. Description Price 


1451416 14-16 pin Inserter $3.49 
MOS1416 14-16 pin MOS Safe 


Inserter 7.95 
MOS2428 24-28 pin MOS Safe 

Inserter 7.85 
MOS40 40 pin MOS Sale 

insener 7.95 
EX1 14-18 pin 

ІС Extractor 1.49 
EX2 24-40 ріп 

ІС Extractor 7,95 

WK-7 IC 


ZINSERTION K 


E LE. Complete ІС In- 
serter/ Extractor K 
(individual Com- 


в ^ ponents (listed 
| ' above) $22.95 


IC DISPENSER 


Allows [G's to бе dis- 
pensed from their lube 1 | 
at a time and picked up 
бу insertion tools above. | 


е Dispenses 8-42 pin 

IC's « Compatable with | 

all ІС carrying tubes * ч 

Use with МҰҚ? lor MOS =s 

sale insertion. » 
Pan Mo. Description Price 
MDO1 1 Chan. Dispenser $21.85 
MDD5 5 Chan. Dispenser 63.43 
MDD10 10 Chan. Dispenser 160.45 


* ° Мо Discount. 


Circle 281 on inquiry card. 


L FREE ORDERING NUMBER 1-(800) 423-7144 


RIGHT ANGLE HEADERS 


SOLDER TAIL 


Size Рап Мо. Price 
10  IDHI10SAB $1.20 


20  IDH20SRB 
2  IDH26SRB 
34  IDH3ASRB 


40  IDH40SRB 
50  IDH50SRB 
Spacing. Mounls on PC Board & Mates 
with 105 Socket below. Ejector Bara  4/1.00. 


U. ( 
tox 


WIRE WRAP 

Part No. Price 
IDH1OWRB $2.60 

1.90  !DH2OWRB 4.15 
275 iDH26WRB 5.35 
3.75 ІОНЗАУУ/НН 5.25 
375 !ОН4ОҰУНН 7.35 
475 IDH5OWRB 9.20 


25 PIN "D" CONNECTORS 


Solder Style 


Male 
Female 
Cover 


IDC Style 
Male 
Femate 
Cover 


Part No. 


ОВ25Р 
0825$ 
DB25C 


10825Р 
{08255 
IDB25C 


Price 
$2.95 
3.95 
1.50 


6.25 
5.60 
1.60 


Solder Style solders onto cable, IDC 
Style crimps onto cable with vise. 9, 


15, 37 and 50 pin available also. 


WIRE WRAP WIRE 


#30 Wire Wrap Wire 


Length 100/Bag 500/Bag 
2.5" 51.38 53.94 
3.0" 1.43 4.25 
3.5” 1.51 4.57 
4,0” 1.56 4.88 
4.5" 1.63 5.21 
5.0" 1.69 5.54 
3.5" 1.74 5.92 
8.0” 1.82 6.23 
3.5" 2.11 7.08 
?.0" 2.19 7.44 
7,5" 2.29 7.78 
3.0" 2.35 B.12 
3.5" 2.40 8.46 
3.0" 2.46 8.92 
35” 2.53 9.15 
10.0" 2.63 9.58 


411 lengths are overall, including 1" strip 


1K/Bag 


$6.81 
7.46 
8.11 
8.73 


9.39 
10.04 
10.69 
11.34 


12.99 
13.68 
14.40 
15.10 


15.80 
16.51 
17.22 
17.91 


3n each end, Choose from colors; Red, 
Зше, Black, Yellow, White, Green, 
Jrange, and Violet. 


ORDERING INFORMATION 


IDC CONNECTORS 


EDGE CARD CONNECTORS 


Size Pan Мо. Price 
10 IDE10B $3.95 
20 IDE20B 4.35 
26 IDE26B 5.00 
34 IDE34B 6.05 
40 IDE408 6.90 
50 IDE50B 7.50 


.1" Spacing. Crimps onto cable with 
ordinary vise & males with standard 
.062" Card Edge. 


CABLE PLUGS 

Size Part No. Price 
14 IDP14B $1.45 
16 IDP15B 1.65 
24 IDP24B 2.50 
40 IDP40B 4.16 


1° Spacing. Crimps onto cabie with 
ordinary vise & plugs Into standard ІС 
Socket. 


WIRE WRAP SUPPLIES 


Tube 


.39 = $20.28 
.A6 = $13.80 
,50 = $13.00 
68 = $15.64 


е 
2 
E 
д 
сезе Ж 


85 = $17.85 
92 = $17.48 
17x 1.09 = $15.98 
15x1.23 = $18.45 
10х1.60 = $16.00 


22  ICN224WBSG 
24  ICN246WBSG 
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Selactive Plating provides gold in contaci 
where it counls, 3-level wrap, Save by buy- 
Ing зосквіз by the (ube. All gold available at 
V eipin exlra charge. 


* * Мо Discount 


‘repaid orders over $50 shipped prepaid via Order 
JPS. All others add $3.00 for handling. VISA, $15- 99 
4C, COD's and open account orders will be 100 - 199 
sharged freight. $15 minimum order, $100 200” 8 
ninimum open account order. 1000 up 


| Circle 281 on inquiry card. 


RIBBON CABLE 


4.00 
5.00 
5.60 
7.00 
8.00 
8.60 
11.00 
13.00 
16.00 


30.00 
42.00 
48.00 
80.00 
72.00 
78.00 
102.00 
120.00 
150.00 


Solid Color 

Size 10 ft. 100%. 
10 2.90 17.00 
14 3.40 23.80 
16 3.70 27.20 
20 4.40 34.00 
24 5.00 40.80 
26 5.40 44.20 
34 6.80 57.80 
40 7.80 68.00 
50 9.50 85.00 
SOCKETS 

Size Pari No. 
10 IDS10B 
20 IDS20B 
26 IDS26B 
34 IDS34B 
40 IDS40B 
50 105508 


.1" Spacing. Crimps onto cable with 
ordinary vise & mounts to header sold 
above, 


WIRE KITS 
Kit No. 1 — $9.95 
P 100 
зи” 100 
4" 100 
КИ Мо. 2 — $24.95 
2%" 250 
3" 100 
3%" 100 
4" 100 
49%" 100 
Kit No. 3 — $34.95 
2%” 500 
3" 500 
31%" 500 

4" 500 
Kit No. 4 — $59.95 
2" 1000 
2” 1000 
Зм" 1000 
4" 1000 


DISCOUNT SCHEDULE 


Discount and the name of 
this magazine must be men- 
tioned at time of order to get 


Amount 
Net 

less 10% 
less 15% 
less 20% 
less 25% 


discount. 


Discount applies 


on al! items except as noted, 
“No Discount.” 
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Р.О. Box 17329 Irvine, Calif. 92713 
Direct Order Lines: (714) 558-B813 
[800) 854-8230 or (ВОО) B54-B241 
Cirele В on inquiry card. 
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K 10 noy көусозти (^ чувоаға navy... $14.96 
DTE-HK кам ony Hanno) $44,9 


$10.00 Min. Order = U.S. Funds Onty ом Ghests — 254 

Calif. FLasidents Add 6% Sair: Тан Sand ВБу Postage Jor your 
Разная — Add 5% plus $) inw ance FREE 1982 JAMBCO CATALOG 

whi белпа дно priotattiap. 


а Hapy 1in ^ repelatar cooling PHONE 


«CED l'on "inuicem as. мест 
ч Printed Board пЕЧгыЕ ЧФР 4 
з 320v AC Input атесо ов 


| OSs 21/2" © 17761 » Fh SR i 
1621% Ай, Dus) Powar Supply КИ (as shawn) . . $24.95 ELECTRONICS (616) 502-8007 


MAJL ORDER ELECTRONICS — WORLDWIDE 
1358 SHOREWAY ROAD, BELMONT, CA 84002 
| 9/01 PRICES SUBJECT TO CHANGE 


{Р ыла nnt Show? Dut umiar сп eanatrüe An to shovel 
JE200 Reg. Power Supply Ки (S¥VDC, amp) . . $14.98 

JE205 Adapta: Grd. ito JE200) -5,:9 & :12V. $1295 
JE210 маг, Pwr. Зулу. КИ. 8. 15V DC, 10 EBamp. $18.98 
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“THE BIG BOARD" 
OEM - INDUSTRIAL - BUSINESS - SCIENTIFIC 


SINGLE BOARD COMPUTER KIT! 
Z-80 CPU! 64K RAM! 
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CONTACT VINCELORD LTD. 
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For All Sockets Installed 
And Soldered Add 550. 
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PARTIALLY ASSEMBLED KITS 


- 


- 


THE FERGUSON PROJECT: Three years in the works, and maybe loo good to be true. A tribute to hard headed, 
по compromise, high performance, American engineering! The Big Goard gives you all the most needed 
computing features on опе board ai а very reasonable cost. The Big Board was designed irom scratch 1o run the 
tates! version o! CP/M". Just imagine ail the off-the-shelf software that can be run on the Від Board without апу 
modifications needed! Take a Big Board, add a couple of 8 Inch disc drives, power supply, an enclosure, C.R.T., 
and you have a ісігі Business System lor about 1/3 the сові you mighi ехресі to рау. 


FEATURES: (Remember, all this on one board!) 


FULLY SOCKETED! 


64K НАМ 


Uses Industry standard 4116 RAM'S. АП БАК ін avallahía lo The usar, our VIDEO 
өлі EPROM sections do not make holes іл system НАМ, Also, very spacial саға 
wet laken іп the НАМ array PC layout to eliminate potential поме and ођісћаз. 


2-80 CPU 


Running at 25 MHZ. Mandias ай 4116 RAM refresh and supporis Mode 2 
bultered and runs BOGO software. 


SERIAL 1/0 (OPTIONAL) 


Full 2 channets using Ihe 280 SIO and the SMC B116 Baud Rate Generator. FULL 
85232! For synchronous or asynchronous communicallon. I^ synchronous 
moda, the clocks can be transmilied or recelved by à modem. Both channats can 
be aet up jor eilhar data-communicaltien or data-lerminala. Supports made 2 Int. 
Price ior ай paris and connaciors: $85. 


BASIC МО 


Corslats of a seperate parallel рагі (280 РІО) for une with an ASCH ancoded 
keyboard for input. Quiput would be on ihe 80 x 24 Video Display. 


SYSTEM COMPARISON 

Бак RAM КІТ і«і туза» = 
80 x 24 Video Kit. ......... 
Floppy Disk Controller ки 
7-40 РМ кі -.--4-” 
SER & РАЯ. VO nma, . 
5-100 Molhar Board ee ee виз 

SUB TOTAL 


т--т+* 


tion on Ihe S100 Bugs. 


PFM 3.0 2K SYSTEM MONITOR | 


The real power of the Big Board iles in Из РЕМ 3.0 on board monitor, РЕМ commands include: Dump Memary, Bool CP/M". Сару. Examine, ЕН Memary, Test Memory, Go То. 


Read and Write 1/О Forts, Disc Read (Deva, Track, Seclor), anc Search. РЕМ occupies one of the tour 2716 EPROM localions provided 
2-80 ң а Trademark ol Ziog. 


Р.О. BOX 401565 е « GARLAND, "TEXAS 75040 © (214) 271-3538 
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Тык about bangs par buck! The prices shown for 
5100 kits were tsken fram the July 1980 BYTE. 
This will give some basis lor comparison between 
the Big Board and а similar сует implemente- 


Digital Research Computers 
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(64K KIT 
BASIC 1/0) 


564909 


SIZE: В х 13% IN. 
SAME AS АМ B IN. DRIVE. 


REQUIRES: -5V @ 3 AMPS 
* - 12V @ Б AMPS. 


24 x BO CHARACTER VIDEO 


With в crisp, flicker-iree display theil looks exiremaly sharp even on small 
monitors. Hardware scroll sod full cursor control. СотровИе videa ог split video 
and sync. Character set |в supplied on a 2716 style ROM, making cusiomized 
Jonts easy. Sync pulses can be any desired length ос polarity. Videa may be 
Inveried ог (ғов. 5 x 7 Malrix - Upper А Lower Care 


FLOPPY DISC CONTROLLER 


Uses WD1771 controller chip with а TTL Dale 5eparslor for enhanced 
reliability. ИЗМ 3740 compalible. Supports up lo four 8 inch diac drives Directly 
compatible wilh standard Shugari drives such as (he 3 A800 cr BABU1. Drives can 
be configured lor remote АС off-on. Runs СРАМ" 2.2. 


TWO PORT PARALLEL 1/0 (OPTIONAL), 
Uses 2-80 PIO. Full 16 bits, fully buffered, bi-directional. User sslectabie hand 
shake polarity, Set o! мі paris and connectors (ог рагейе! 170: $28.95 


REAL TIME CLOCK (OPTIONAL) 


Uzes 2-80 CTC. Can be configured aa а Counter ол Real Time Clock, Sai ot all 
parts: $14.95 


CP/M* 2.2 FOR BIG BOARD 


The popular CP/M* 0.0.5. modilisd by MICRONIX 
SYSTEMS to run on Big Board is avaliable for $150.00. 


PC BOARD 


Bank PC Bosrd wlth Ron 541 and Full Oocomenimion. 
$159.00 


| TERMS: Shipments will be made approximately 3 іо 6 weeks aller we 
receive your order. VISA, MC, cash accepted. We will accept COD's (for the 
Big Board only) with a $75 deposil Balance UPS COD. AddS$3.00shipping | 


USA ANO CANADA ONLY 


“TRADEMARK OF DIGITAL RESEARCH. NOT ASSOCIATED WITH DIGITAL RESEARCH OF CALIFORNIA, THE ORIGINATORS OF СРМ SOFTWARE 


DIGITAL RESEARCH COMPUTERS 
(214) 271-3538 


32K S-100 EPROM CARD 32K SS-50 RAM 
NEW! : 


тетти 679.05) 7299? т E 
i^ BARABANI. -- KIT вх TIT TLE LLL 
i ШЕННЕН її аю. | Жа annuau пайппппв 


USES 2715% 
г a-mE————— mi im 
2% ЖШ. Blank PC Board мА 
J g a | 
oe 


$50 
nm: им ASSEMBLED & TESTED 


=н ADD $30 For SWTPC 
БЕГИ) - 6809 Buss 


SPECIAL: 2716 EPROM's (450 NS} Аге $9.95 Ea. Wilh Above Kit. 
Support IC's 


KIT FEATURES 7 Any or ail EPROM locations can бе 
1 Uses «5У only 2716 [2KxB) EPROM'S disabled and Caps 

2 Allows up lo 32K of software on line! 8 Double sided PC board. salder-masked. $19.95 

4 IEEE 5-100 Compatible gilk-eoreened Com рі ela Sockel Set 
d 


i а Blank PC Board - $34 
в 


Al Lest! An affordable 32K Static RAM with tull 
8809 Capability, 


FEATURES: 
1. Uses proven low power 2114 Stalk RAMS, 


2. Supports $350С - ЕХТЕМОЕС ADDRESSING 
2. Alt parts and sockets Included. 
4. Dip Switch address select aa а 32K block. 


Addressable as Iwo Independeni 16K 9 
blochs: 10 
Crómemco extended or Northstar bank 

замес 91 
On board жан stale ciccultry it needed 12 


Gold plated contact fingers 
Unselacied EPROM» automatically 
powered down for tow power 

Fully buttered and bypassed 

Easy and quick 12 assemble 


$21.00 


Fully Assembled, 
Tested, Burned In 
Add $30 


3. Extended addressing can be disabled. 
&. Works with all existing 6800 5550 systems. 


7. Fully bypassed. PC Board Ін double sided, 
plated thru, with silk screen. 


PRICE CUT! 


$16935 r ЖА JEA RAA A ЛЕ ЕЛ | ы Ё Ms а 
KIT | ЕК МАЛЛА ПРА UDEZEEEEN 
$169%,,| BELLI | [3159 | оо 
еи Іі" кт ПР ГС. 

" А r 1 “| Жаа! ' l ынд iss | к г га: = a f 

di^ oF FULLY STATIC! |" Re Woe а LONE 


Er Fe. z dn 
FOR 2MHZ 
E 
FOR SWTPC 
6800 BUSS! 


ASSEMBLED AND 
TESTED - $35 


KIT FEATURES 
1 Addressable as аш separale 4K Blocks 

2 ON BOARD BA SELECT crcuitry [Cro- 
memeo Standard'] Allows up lo 512K online) BLANK PC BOARD W/DATA-$33 
4 Uses 2114 АБОНЫ АК Static Дать 

4 ON BOARD SELECTABLE WAIT states, LOW PROFILE SOCKET SET-512 
5 Doubs sied PC Board, «НА colder matk ВАН SUPPORT IC'S & CAPS-$19.95 


sith screened layout Gold palad contact fingars 
ASSEMBLED & TESTED-ADD $35 


A Ail address and dala lines fully buffered 
OUR #1 SELLING 
RAM BOARD! 


T Kil includes ALL parts and sockets. 
A PHANTOM із jumpered 10 PIN 67 
B LOW POWER under 15 amps TYPICAL Кот 
the #8 Voll Buss 

\ STEREO! NEW, 

S-100 SOUND COMPUTER BOARD 

А | 
ром ое | COMPLETE KITI 
Xound (Ся Allows you under total compuler contra! to $ 8 435 
(WITH РАТА MANUAL) 


O— == .. 


KIT FEATURES 
* Addressable on 168 Baunndares 
Uses 2114 Slatic Ram 
Fully Gypessed 
Doobie ded PC Board Soldor главі, 
and aiik screened iby oil 
Á'| Parts nnd Sockets inchided 
Б Low Powe: Under | 5 Ampa Typical 


BLANK PC BOARD—§35 COMPLETE SOCKET SET—$12 
SUPPORT IC'S AND CAPS— $19.95 


SPECIAL PURCHASE! 
UART SALE! 


TR1602B — SAME AS TMS6011, 


multiple of aK 
мен 

games or any other program Sounds сал be called in BASIC, 

AGSEMBLY LANGUAGE, atc 

KIT FEATURES: 

+ TWO Gt SOUND COMPUTER IC S 

+ FOUA PARALLEL С PORTS ON BOARD 

+ USES ON BOARD AUDIO AMPS OR Y OUR STERED. 


10 Blank PC Goard can be poguisiod zs any 
салына an inline number of ресни sound effects Tor 


BLANK PC 
BOARD W/DATA 


* ON BOARD PROTO TYPING AREA. $31 

а ALL SOCKETS, PARTS AND HARDWARE АВЕ INCLUDED TR 1 602B 
* PC BOARD IS SOLDERMASKED. SILK SCREENED. WITH GOLO CONTACTS 

» EASY QUICK AND FUN TO BUILD WITH FULL INSTRUCTIONS : 


» USES PROGRAMMED ШС FOR MAXIMUM SYSTEM FLEXIBILITY 
Both Basic and Assembly Language Programming examples аге included 


FTWARE: 

| ЗС" з now availabte! Our Sound ЭБУ... p-— makes wrhing Sound Elfects programs 
а SNAP! SCL™ alto inciudes routines for Register-Examine-Modily. Memory-Examine-Modify, 
and Piny-Mamory, SCL“ is available on CP/M’ compatible diskatli or 2708 or 2718 Diphelte - 
12495 2708 - £189,956 2716 - $29.95. Diskette inciudes the source. EPROM'S are ORG а! 
соон (Diakette ia O inch Sof Saclored) 

4K STATIC RAM 
National Semi. ММ5257, Arranged АК x 1. *5V, 18 PIN DIP. А 
Lower Power, Plug in Replacement for TMS 4044. 450 NS. 
Several Boards on the Market Wil) Accept These Rams. SUPER 
SURPLUS PURCHASE! PRIME NEW UNITS! 


8 FoR $16 32 For $59.95 


Digital Research Computers 


Р.О. BOX 401565 « GARLAND, TEXAS 75040 © (214) 271-3538 


4 For 51029 


$295 
ЕАСН 
CRT CONTROLLER CHIP 
SMC ИСЯТ 5037. PROGRAMMABLE FOR 80 x 24, ETC. VERY RARE 
SURPLUS FIND. WITH PIN OUT. $12.85 EACH. 


NEW! G.I. COMPUTER SOUND CHIP 


АҰЛ-Б9(0 As fealured іп July, 1979 BYTE! А lanigstically ромегћі Sound 6 Music 
Generator Perfect lor use with any 8 B Microprocessor Confains 3 Tone Crannols 
Noise Ganeralor 3 Channels a! Amplitude Conical 15 bi Envelope Period Control 2-8 
Bit Parallel 1/0 3D to А Converters, plus much more! Allin спе АП Pin DIP Supar masy 
interface to Ihe £-100 or опат busses $11.95 PRICE СИТ! 

SPECIAL OFFER: 544-95 each Add $3 for 60 page Data Manual 


TERMS: Add 52 00 postage We pay balance. Orders under $15 add 75€ 
handling. No C.O.D. We accept Visa and MasterCharge Tex. Res add 5% 
Tax Foreign orders (except Canada) add 20% P A H. Orders over $50, add 
85$ for insurance. 


ALL SALES ARE MADE SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY. A COPY OF THIS WARRANTY 15 AVAILABLE FREE, UN HEUUEST. 


*TRADEMARK OF DIGITAL RESEARCH. WE ARE NOT ASSOCIATED WITH DIGITAL RESEARCH OF CALIFORNIA, THE SUPPLIERS OF CPM SOFTWARE 


Circte 118 on inquiry card. 


` LIST PRICE $ 889.00 WOVCAT 8300 ваша Ell. 
LA Oya THER enne wolrcar ‚боба 


в о. a 


теті - 


SANTO VIDEG MOREL 


- LIST PRICE. $73500 
OUR PRICE $629.00 

3OMJZ DT. w/Delay. .... LIST PRICE $9950 
OUR РЕСЕ £819.00 
. LIST PRICE $640.00 
"$ALE PRICE 5775.00 
356 MHZDTw/Deiay.... LST PRICE AUSOO 

SALE PRICE $950.00 

= SOMBZ DT w/VariDelay 1457 PRICE 974500 


en — 


(te © 


UT 


15 MHZ DT. Волов .. атат RADO 
шы PRICE 


ЕКР1500 l2sotrackmount .... ] 

OUR PRICE 1720.00 
ч TERMI? 22 slol rack mount .......... LIST PRICE $945 OO 

nardo... Rare — — " БТР 
| RA энер аана 127 МЕСІ 57 TIIBFDO сір desk ................... -. LIST PRICE 872500 

T _ hamis иш пс зо до Ж в" DISK DRIVES 
ты sie D/De MENS T 

d | GMIDTS D/Dens D/Sided .. ............... 
^ dm. ‘ONE dede mt 
NEERING e CHATSW 


sk Mor ay Oides US Funde Only, CA residents dd. 


TPNG а HANDLING ct à 260 for the БЕй 2 ibe. pius Же for each d 
БӘСЕ à your no Piicesslublect о change 
SÉ 14 CONNECTOR based cn GOLD | 
Sie Prices Vale only 1 49% mantan yiblicalian ahd manth Credit Card orders 
TP (ul Circle 299 on inquiry card. 


5100 ROM 


РЕ] PROM PROGRAMMER - SIM 
programs 2708 or 2716'5, oparalas 
ns a 4КЛІК EPROM board as well 
SSM-PBtK Kit . $154.95 
55М-РВ1А $219.00 


ECOMOROM 2704. GODBOUT 
14K х 8 EPROM Board using 2708, Powar on 
jump іп any 258 byte 


кз м 


AST eri rre 


GBT 1250 Eir Loa e Жа» $55.00 
GBT 125A AAT. "T $120.00 
авт 1250 CSC 44 ноя bak $175.00 
5-00 DISK CONTROLLERS 
DISK 1- GODBOUT 
ОМА, Soft Sector, Controls 8" or be", 
AMT or dauble — 
СВТ 171А — AAT, ..... D еее ‚_ $466.00 


5-IOO I/O BOARDS 
SYSTEM SUPPORT |- GODBOUT 
Seria! port (software prog baud), 4K EPROM бг 
ВАМ provision, 15 levels of interrupt, real time Об. 
бріїопа! malh processor 


GBT.162U Eje T ee ‚ $295.00 
GAT-162A A&T КГ] a e-—-(q2r9 onem d 4 
GBT-182C Шы 4,1422 qoo doti, 
GB T.B512 Math Chip... 
MPX BOARD - GODBOUT 
I/ D Multiplexer, using 8085A-2 cpu on board 
GBT- 168A т ОЬР РЕ Ару үч 5450.00 
аНТ:186С Paar Ла M T. $550.00 
DNTENRFACER 1 - QODBOUT 
Two Seria! ИС 
GBT-133A АТЫ лиана .%%4 5219.00 
GBT-133C CSC. Кк dpa дана ! ии $298.00 


INTERFACER П - GODBOUT 
Three il one serial "o bbard 


СВТ 1716 CSC., . $55600 
GBT CPMBD — CP/M 22 lor 28008085 with ӨЕТ-150А ev S sss... $210.00 
Manuals & BIOS 8" S.D. disk $175.00 ЗВТ-160С 655... . $298.00 
гү, GBT CPMBS СРАМ tor 8086 with manuals MULTI L/O - MORROW DESIANS 
ӘУ & BIOS A" S/Ddisk.,. .-. $300.00 Tiran Sariai, Two paratei 
© MIA. CA. COMP. SYST. MOSM83200 AGT. > шали * мә П 5109.00 
ns НО Mapped, cantrois 8" or 5%", single ARD-MORROW TETEE 
or double densit М. serial МО, four parallel VO, 
CCS-2422 AAT with CPM224"S.D.. . $385.00 e Sfatus рогі, опа sirobe port 
DSE ЗОСКЕТ I- MORDOW MDSSB241] ДЕТ ov on one $239.00 
Single denzily disk e a will 1/02- ВАМ 
е saria! ГО, controls 8 One paralíel прил. one parallel output, prato work 
“М (.05DJ1108 АЯТ.,....... mÀ . oe $240.00 gran 
$100 CPU DISE JOCENY 2D - MORROW SSMIO2K a... M $69.00 
CPU-Z - GODBOUT HO Mapped, controia 8", single ar SSMIO2A T, L jo 989.00 
2H MHZ 780 CPU 24 Bit Addressin double density, seria! | 104 - SEM 
DSDJ2208 AST ..... eedem 5375.00 Two лагів! "n two раге WO 
GST 1800 Или... ...... . $225.00 SSMIO4K Ki ... ГРЕЕ 1210.00 
GBT160À  A&T.......... ... 5499. DISK DRIVES ЗМ ЧА АЙ Ты. -rij 5280.00 
авт 160C СС 26 МИ2....... $375.00 divide буы емер үле ка аним L d 
tng»8 Sree о e Gens mos оршғағ riva 
DUAL PROCESSOR 8085-5088. GODEOUT 5HUBÜIR $42500e4 of or more... $395.00 Music synthesizer board 
5 MHZ Provides true 16 Bit Power with в standard SHUSABOIRM Manual for BOIR drives. Р £10.00 SBMSBIK ТОЛА SÉ TER $249.00 
Тары лт Тик - =. үүө 1285,00 DT. QDME р SSMSBIA Жағы + нн. >.-.- .. $310.00 
ваги. Жонн ERE Data track 8 double sited, double density инә Some =н. еле а ^45 
СВТ 1812C 7 Ace ОВО OQME-DT$ $625.00 на, ur 20r mure, , 81920 VIDI VIDEO BOARDS 
BOARD WITH 6065 ONLT ga. - GODBOUT 
GBT 1610 1117,7, ee ae 1 DISE CABINETS N d Graphics Bo Опат wi Бағай КО £299.00 
GBT 181A A&T.... 111-4.ш. | v $305.00 УЛОО - VITA ЗВТ-144А А4Т a mallee jn is $340.00 
GBT 181С С5С............... $308.00 бия! 8” drive cabinet with power supply. GBT-20 Sublagic Solfwmra., . . .. $ 3500 


2810 ТАО CMI-CA. COMP. SYST. 
2/4 MHZ 280А CPU with RS-232C Serial ИС Port 
complete with Monitor PROM for 2422 Disk Controller 
CCS 2810 Ag ‚ $280.00 


өтте тт quem SUME т SE 6 up 


C82 £80 CPU - 
2/4 MHZ wil! accep! 2716, or 2732, or НАМ 
HUN/STOP and single step switches 


5SSMCB2K COM We See 1--2-.... $250.00 
SSMCB2A ART.. 1 $310.00 
55 М280М SSM 280 Monitor. oe $89.00 
CHA 3050 CPU - АМ. 
OSOCPU, ТК RAM, Holds 1 2708, 
7 8 Bi! paralla! прш port. 
SSMCHBH1A Pr O——— ТАҒЫ 
58MCBIA X  A&T.......... TTE. 0 
5SS8MBOBOM M 8080 Monitor. оаа «иан (ФО 
5100 
ФАК STATIC RAM - GODRBOUT 
RAM 17, 10 MHZ, 2 Watt, OMA Compatabie 
GBT-175A48 |o Ao rS EN $950.00 
GBT-175C48 CSC чак, очерка чи} 51050.00 
GBT-175A84 AST ЯК,.,...... --... 5900.00 
аӘВТ-178С84 CSG BAR., 41 .. ot $1395.00 
ӨЖЕ DYMAMIC RAM - CCS 
4 MHZ, ол тар АШ, OMA compatable, 
24 bil gddrass. 
CCS-2085A AST, aae era re te p жі 3589.00 
Зах STATIC ВАМ. GODSOUT 
RAM 20 10 MHZ, 4K byte black disab/a, 
available 16, 24, оғ 32K 
СОВТ-184448 AST 16K. , , .. cory > $318.00 
GBT-164016 csc 16K. Г + «= а в $418.00 
GBT-164A24 AST 4К.,,,,..... ... $449.00 
GBT-154C24 CSC 24K... ......... 9530.00 
GBT-184A312 АЁТ 32K. 4 -"“ wevrf wer 5489.00 
GBT-164C 32 GSC 32K,,,. ... ...... 5720.00 
32K ETATIC BAM - CCE 
4 MHZ, Bank select, 8/16 bil data 
CCS.2032 AGT 32Қ.,. ,,.......... $59900 
16K STATIC RAM - dGODBOUT 
НАМ 14, 10 MHZ, 24 bit addressing 
ЗВТ,143А АЙС ТӨК... ....... һал. $169.00 
GBT-143C СЕС ТЕК. .4..,.--:--,-2- 2209.00 
МЕК STATIC RAM - CCS 
4 MHZ, 8/76 bit data, bank gelilact 
CCS-2118A^ AAT 15K. . == N .. $298.00 


ах БТАТІС DAM- BODIO? 
Egonoram fi жм, ак, Мо ариб, Ihe mos! 

popular 5 ы RAM ever - = 
GBT-114U Unkit — 


PRIORIT Y 
9161-В DEERING AVE. е CHATSWORTH, CA 9131 


Terms U.S. VISA. MC. ВАС. Chack Money Order, US Funds Only CA residents add 4% Sales тах MINIMUM PREPAID ORDER 515O0 includes MINIMUM SHIPPING & HANDLING o! 

5250 іст the Ёлкі 3 Ins, plus 25$ for each additional pound Orders over 5O lbs sent Ireighi, collect Just in cose please include your phone no Pnces subject lo change withoul 

notice Wa will do our Бекі to mainicin prices Ihn: September 198% SOCKET and CONNECTOR prices bated on GOLD. not exceeding 370000 per о? 
Sales Prices Valid only и YOU meniion 


Rack or Desk Мошл! 


WEVIOO...., - у $395.00 VB.35.£M. 

SINGLE B". QT. 80 x 24 ағ 48 character video display Memory Mapped, 
Single 8" cabinel wiih power supply Paralisi Keyboard port 
OT¢-DDCE. м жааз ва + [И $195.00 а ACT EDEN Г 1 4348 (0 
B" CABINETS - VISTA ‘VE 4. IE 5429.00 
15.9801 Single 5" with Р.б, |... $75.00 SSM-VB3UP Upgrade ЖИ... ...... % 30.00 
13.9802 Duat 5" witht PS. ese $95.00 
таз - SEM 
100 DISK SUBSYSTEMS НО Mapped Video Board, with Parallel Keyboard port. 
SINGLE SIDES MORROW Бектб 

8" DAL белгің drives with cabina! power supply SSM-VB2K АШ ҮГ -ii i 5169.00 
controller. with CP/M 2 2 and Miciosó(t Basic 55М-ҰВ?А AST... имли ‚ 8228.00 


MDSF1215 
MDSF1228 


Smole Drive System. +, $950.00 
Dual Опуе System. ,.,... . $1508.00 
DOUBLE SIDED - MORROW 


VIC - SEM 
DIRCUS Memary Mapped Vídeo Board 64х16 character display 
8" DBL Denaily/sided drives with cabinet Power 


or 84х16 graphics A 


supply controller, with CP/M 2.2 and Microsoft Basic SSM-VBICK Кй...,..... .. ‚ 2189.00 
мо. 18 Single Drive System. . 6125000 — 55M-VBICA АёТ., sicci .». 9220.00 
Dua! Drive Sysiem ,.... . $2195.00 
26МЕ HARD DISK - MORROW 5100 MOTHERBOARDS 


MOTHERBOARD - QODBOUT 


Specie! purchase, Ітнігі stock - 26MB formatted hard 
р R Achve terminalon, 6-72-20 slo! 


disk coniplate wilh cabinet, P.S, Controtler, CPM 2.2 


ang Місгазо!! Basic 
MDS-M26S  26MBSubsysiem іне: .... $449500 СЕТІН О cocon ede 
SALE GBT-154U Unkit Та siol, — eios $129.00 
2c Um. [фаз 
n I 5 0 1 EtA 7 
ж $3495.00 х GBT-155A ART 20 кім, . .. 10 $165.00 
SAVE $1,000.00 қ 
Active termination, 8-12-20 stat, 
MICROPOLIS peripheral ower ot outputs 
қ У í (5V& 14, 12V @ — 12V it B00ma) 
Priority 1 Electronics is the  psoopA  asraswt,. es $728.00 
E 1200A ТІ —— әкке ің 148. 
worlds largest distributors of ҰШПА Айт." $8900 
MICROPOLIS disk sub Systems 
5100 MISC. 
CALL FOR PRICES СКОМ? ACTIVE TEEMIMATOR-GODROUT 
GBT-106U Ж» amy TC TT LOL S $ 34.05 
2520 - CCS 
9 ne Extenderharminater Active andior көкеме 
| n SS EXTENDELR/LOGUC PROBE-MULLEN 
MUtL-CKoM Kit П mel . вал - $ 58 00 
LITE OM VECTOR JUMP - ESAM 
| with prototyping areg 
МІ A SSM-OB1K Kit ие 4%» ong = % 55.00 | 
| 35М.081А  Айт...... ‚. $ 0000 


ELECTRONICS - бә ca 


abhleetion end month Cred Card orders will be chore [ed c "p DIOE priae kel n 


Сігсів 300 on Inquiry card. < 


MICROCOMPUTER PRODUCTS 
PART NO. PRICE 8502 SERIES 


2016Р2 B/$100.00 


10 MHZ 16K A&T 


0 10 200 baud dete rate, Gomprtible $199.00 ORT ЗТАТІС S- l 00 НАМ 


Sama Pal ынды ec S120 УСУ | | = naso 9169.00 Ea 


salf teat fectures. 


Н5232 and "D" SUB-MINIATURE 
ONNECTORS 


БАШ DP3212N 
с Dpszian 
DP83216N 


= í .5- Sockel. ‚С- Dod DPB822AN 
P= Plug. Male Type .S - Socket. Female Type . C - Cover. Н DPB2244N 
PART №. DESCRIPTION PRICE DPS276N 


CWD-DESP 9 pin mote 5 x jT А 519 а ae i қ Se 0 
mr TE $210 | ІН58250М 95 | - Operates up to 10 MHZ (90 ns RAM Chips) 
= x T - а еже : б * Assembled & Tested: Meets or exceeds 
CHD-DAISS 915 $360 $220 | 14582554 1 all IEEE 696/S-100 specifications (including 
CHD-DAISC 5150 11390 $110 | 14582575 ; ; timing).* Fully static design eliminates the 
CND-DB25P $35 5325 5200 DÀ ; timing problems associated with dynamic 
ж. з 3^ | ; M [NS3273N r 1 memories." Switch selectable choice of 24 
ddress linas conforming ta the IEEE 
CHD-P258 ре. гіз $19 280 SERIES —- TO нашаа > у 
ind | im -- — : z l 7 ОЛ 4 С речи эшл e 16 -—— Жи as used 
CHO- DCIS 3? pin female $ 8.78 5570 | 280АСТС UARTS — in older 5-100 systems." Idea] for multi-user 


— d le : = и i "T и PART НО installations.» Board is addressable as one 


CNb.DDs0s 9) pin ете)» $11 $ $850 | 2808501 AYSIOISA 16K x 8 block on any 4K boundary.* Switch 
CND- DOSOC 50 pin cover $20 $140 S16 ТН15028 ң selectable PHANTOM disable and write 
ee т Жн ы жі. э ‘39 | protect. * + 5 Volt operation (requires no 
CND-RSDXF — ChurlrokeBcon ВИ $19.95 51745 51535 CONTROLLER other supply voltages). ' Low power 

Can! 700 erus Е017718.01 524.35 operation (800 mA typical, 1200 mA 
CHD- DIIN Риме кепке — $908 $350 БШ | FDIT73IE-O! 544.35 maximum). * ] year Factory Warranty, 


ugboards 
= 
DIP hau іші power and MATIN 


Universal 


ground plands back (a Beck. Весны я 1 
processor рідкий use wilh 
accommodatas.9 4, 6,.9' Dips 7 B hac Const mifit 


1-4 5.9 10-24 »3 ub дж р | 
meer maa юш ды» элзар «ар VCT-X8? M7 45" | Шаа тк. 
Vector 4068 Peripheral егілсе 1-4 5-8 40-44 т ж ü 45" РШЕ. „Я 345" wie э Card e. “a - «Ай 
Бикен cal тен die "E dii. ыр ОО зон УСТ-3862-2 8.5" 245" 50 par aide on 125 centert- 
circuits. Plug compatible wilh Apple . Hi Density Duo ілім Fl беп F ПІР Беттік wi 10.9 Ас е " 
; у п: ипе Plug n Purp DIP wilh $10.45 {шсш amatio- tampil 
Fm ane ы 45 I — eer иб for Wire Wrap with Power Bua Pattern for Soldar or Wire P pattem plupboords ior (C's Ex. ble with S-lüD Sux Syriems 
т cx g T nds Ed $9 он ігі fius брют Dna 1718“ нор Epany Glass 1/15" M pn pary Gloss 1/16" H ріп con VCT-3890 6.57 22/44 pin 


POWERLINE SPECIAL PURCHASE 


‘O42dicholeson | MEMORY EXPANSION KITS ! [3 
0.1 spacing for IC's 4116's RAMS | ғ cM еу са “ * | 16 FIN LOW 
PRICE from Leading Manufacturers ы. 14, | | Liat Price 559% PROFILE LC. 

SIE La 10-18 (16Kx1 200) cs | Sale Price C-35 BOOKETS 
тюм ATID' рв n3 | E | —"- ute \ 
(89630 47 17" | 00 - | Це Р 

ur 8 for $20. (Үш mg ee 
кты aaas Gs пп) 4453.001 ing] И ем 
А sae ' UU for programming jumpers | i 06 
ыы МЕ for TRS.80 Keybacrd ax ulii к a 


IM-10A Lim 5104.85 
SPECIAL 
559.95 with tube 


Pertectly balanced fluores- 
teni lighting with praciaion 
magniler tens Tough 
(hormoplustic shade, Баяу 


SERTI 


ZERO INSERTION | 
FORCE TESTSOCKETS () | 
ы 4, №90 sounrzr 
mom п & 999 51 
1-9 


1-4”, CORD REEL 


with plastic shield |с pro- 
tec! tube Нот soiling and 


damage. 
Colar: Gray, Black and 


3 ғ т 51 lank removal. Now wire clip Скәссісіе Brown. Comes 
ZIP: LBP $550 4113 ып е. SH WT 5125 design permits воску inmal- with one 22 wait Т-ӘСІте іле 
ИР. 24 Р 57% 375 ы GOF-CRI 32 й Сані 524.95 | ПаНңол and removal ol fluoresceml tube, 3 доре 
21P-408DjP $1025 — $885 чм RUF-CR50 ЫН Cem) $1895 Jens, 10158. 


Jlourascent tubs, Comes 


: d» PRIORITY [ELECTRONICS алаш 

| | 9161-В DEERING AVE. е CHATSWORTH, CA 9131 MITA 
ORDER TOLL FREE (800) 423-5922 CA, AK, HI CALL (213) 709-5464" "^^ 
Tems U.S, VISA. MC. BAC. Check Money Orde) US Punds Only CA residents add 6% Salas Тах MINIMUM PREPAID ORDER 515 00 
include MINIMUM SHIPPING & HANDLING of $250 for the first 2156 pius 256 for each additional pound Orders over 5О lts sani 
maghi. celiect Just In case pesa Include your phone no Prices subleci lo change withou! notice. Wa will do our bes io mair- 


lain prices thru September 1981 SOCKET and CONNECTOR prices based on GOLD, nol exceeding 3700.00 per oz 
Salas Prices Valid оглу # YOU mansion publicatlon and month Credit Card orders will be charged appiopraie tepri 


SEND $1" 
for 60 Page 


CATALOG 


Сис 300 on inquiry carg. 


Unclassified Ads 


FOR SALE: TRSBO Model | Level И wah 16K memory. 
Калса installed, mmm conduion Including 5200 system 
Cesk, тапиа! and computer books, and compete library of 
games and software (өсін Scnpsir package] worth $300 
Complete edem wonin over $1400 Қо олу 51000. Mike 
Саму 3008 E Meadow Grove Rd. Orange СА 92667 |714) 
935-0155 


FOR SALE; Netromcs ELF Н microcomputer with ВК pro 
gammatik memory, 05-232 mwerface, casseue-tape wwertace, 
Мәнге den гаиа) Meewola video mondo, Tiny BASIC 
en catsene. and ful documentation. 5400 [price negpuable] 
Mike Heiman. 1145 Overbrook. St Спанч MO 62301, |314) 
723.3980 weekends or aber 4 30 weekdays. 


FOR SALE: OtcCHean НТ 1544 compurer ОЕСІЗ-ІІ 
Ісім processor weh floabing pomi processor ореол, 55 К (Z8 
KW, 16-54} MOS memory, serial port (20 mA or RS-232], dual 
B4nch ФУ deve, dak operating system. FORTRAN corper, 
and BANC Spare pans include LSI-1 1 processor cared, METOE 
Barely дей dii. diak COMMA, memory, әні dak сөн! 
fts. Canis, service manual. and Operation manual, New 
com Oves 510.500 Sell foc 56000 Mike. №12} 920-2440 


FOR SALE: IBM/Escon Seiectrit pewni [correcong. with 
legal keyboard] Eigh months oid. Factory-mstalled 85-232C m- 
terface with backspace and iah, Mi new conduon, too How for 
ту cui posee. 51600, Also, (our Азат printers Моде ЕХЕСІР 
(paral) Tiouble-free рөліміз ir original toes. My ресет 
canceled 5425 each oi ай four for 5 1600 2 Turret, 109 Mac- 
Cokie Ave. S Albans Wy 25172. |304) 226-3575 


FOR SALE: Decret paperiape wader Easdy runs at 600 
сря 7 ich rack moun Compile power supply, parallel iter- 
lace, and documentation. $200 or bes offer, Tom Lork 375 
Еных St, Box В-12 Berea ОН 44017, (215) 234-2798 


FOR SALE: 5et of BK Mucrotoll BASIC ROMS for Netromecs 
Expiorey-85 computer, АЯ досотегнавоп included, 560 
W'armeco МЕМ-ТА B K 5-100 bus slapc mernory wath 300 rms 
low-power programme memones $75 Ра Taylor, 1200 5 
Market Я. Bioomsburg РА 17815. |717) 784-5173 


FOR SALE: PET/CBM 200! wah L6 К programmable mem- 
огу pius Жүйе Todu read-oniy memory to debug BASIC pro- 
grams About опе yea ом 5650 FOR Many PET programs in- 
Outed Айо, DiwepAMabr phone-call телеу SASE ісу 
desciphon $150 Come exchange for Пари" answerer P 
Young, 1496 C Ur. Зап Mateo CA 94303, {415} 
574-4217 о 349-4325. 


FOR SALE: SM) microcomputer wit 1 К (xgeanimable 
rhy. expandable to $K and 51 WO unes 5135. Wake 
Underwood Ru 3 Box A 594, Trounalle УА 24175, |703) 
477-4432 


FOR SALE: Litton 1291-1251 wath Muhere General 
Ledger, Payroll, Amonizaton, Deprecation Seltwane, supplies, 
eic. Best offer Alan Phelps, 1604 Мера Ем Cone ТЖ 
77304. [713) 756-8889 


WANTED: (ne Unred Rates Yacht Racing Umon 5 
чечер а ace Mii кич Mandl for use by race COTTE- 
(ees. А мс wit be devoted ro готқадет amt calculator pix 
даты, We are миоз programs related (о sang, race sceving, 
narcicappieg, meayuremien nies, біс А Иан ol Inese ріс- 
gams 5 being mamtained А пат of ine program available 
will be wiciuded іп the manua Linged States Yacht Racing 
Ureon, ВОВ 209, Меууроп FI 027840. 


UNCLASSIFIED POLICY: 


FOR SALE: Солои Irterfacer 1 25; $200. C51 Oure Spear 
3 інімтізгет wih 16 К Duff 5950. Jade hg 2 700 poteka 
cami $150 Ралис Сите Spint J меже сай, $75. Spei 
inde workprerewg progiarre 5300 Adi nem in eitekean 
ramon wh mansab Kirby Nickel 2844 Angee Я 
Joseph МО 54501 


FOR SALE: BYTE tram January 1977 thru Augus 1977 ата 
March 1981 $21 beu offer ar vade kx the йома) BYTES 
тернет 1975 thiu October 1926 February (980 September 
1980, October 1980, of January 1991 Mark (2 Yoatta 2604 
Bobolink OF, Зап Jot CA 95129 |408) 254 2789 


WANTED: Саппдағ» ш Video Шам» comparer. Als need 
instruction for Fenance canmdge Parawany interested! in 
Worse J сити and алу athena mionnan ЛИТ 
kasper 23-01 30 Dr. Long hand Cay NY } 110 


FOR SALE: гмін Ні system, 54 К programmahie 
memory, two Gch fioppy-disk deves, НТ-ГІ, and Pascal soh- 
ware Fuly DEC POP 11/03 compatible $4200 К W Scho 
8218 Pekenng Я. Philadephia РА 19140. |215) 2480434 
tverundgs 


FOR SALE: Heath Н computer Амети aed геме, 
WRN тана Will м) for ben offer Bayi Wong, 1916 Grant 
Conr. New York NY 10457, |212) 294 5087 


FOR SALE: TIRIO pore win fol ASCH upptas M 
Ішу іе [КИЛ stand, paper eren ат! bons ІНІ HP 
23212 ищегастие wien етим wh Fiod-n printer $2100 
Boih tems purchased far п remote sinon, йш never used and 
are эл Drand-new сои, James Leonard, $8 Bevery Dr, 
Соштымана OH 44408 (215) 482-2291 


FOR SALE: 32k Etwy Sotceet BASIC and Assembler 
ROMPACA plut Exterided Саке BASC, К5-232 parate cual 
газе cono All dorumentabon plus inlerisal (агаман and 
spltwane manuals Doer! 9450 worth of software jgraptics, 
games. word processing, dara base, іе, ete] All in escettera 
condition for $1250 оғ best offer Wih Compnnt poner, add 
$500 Wih 1z-mech momo. add $75 Кі Henne 5870 Wood 
Fiet. Burke МА 22015, |703) 256.5323 


FOR SALE: MASAIL BOBO rirecompotis vei 48 К memory 
Processor Technology boards менмен arm 3P SUCI. CUTS 
caswxte, GPM, VDM-1 and ALS coup ser |4 chp) Cromem- 
со бога; included are ТУ Oazzlei, ZPU processor, and а К 
Bytesaver Macellanegus boards are. TH-1 Extender, IMSA MIO 
Reate. and odveri Comes with inkon Vistar GTX video diy 
play Sofware mcludey 15 К Extended BASIC, Music System, 
games, гіс Ай manuals included Over $5200 Inveted fu 
offer over $3300 Lakes Steve Dover. B2) аглагт, 
Wilmette IL 6009) 1312) 291-4683 evenings 


FOR SALE: HearhiZendth Jisk software Toc НТУ disk ууу 
tem. | changed io СРАМ. and nave the імен HROS 2,0 with Er- 
wded НАЗ. вони. атту, rn eic, With ай 
талша!" аты) binder. never o Also. Мишу BASIC for 
Heat! НВ or H«-B9 under HOOS. Latest veron wpparti aset 
Diy-anguage sudroutines Never used Eaner ar both for һай 
runter caca] price. G Hammond |803) 365-4012 evening 


FOR SALE: Tano Oupa il 6800 comper 48 6 two 
85-237 YO poris, two Sinch Shugan disk dives, Tang BASIC 
СОРУ U апау programy, Hemmgway edic romper: and 
unb “Шо” Аба, Ғел 8 ROM, Flea H, ожог copier and 
debugger Several! dis and all marus $2000 at best offer 
Arthur Shore, |415) 364-500 


Readers who are soliciting or giving advice, or who have 


equipment to buy, sell or swap should send in a clearly typed notice to that effect. To be 
considered for publication, an advertisement must be clearly noncommercial, typed double 
| spaced on plain white paper, contain 75 words or less, and include complete name апа 


address information. 


These notices are free of charge and will be printed one time only оп a space available 
basis. Notices can be accepted from individuals or bona fide computer users clubs only. We 
can engage in no correspondence on these and your confirmation of placement is ар: 
pearance in an issue of BYTE 

Please note that it may take three or four months for an ad to appear in the magazine 
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FOR SALE: MSA) PCS 80/30 wah 48 К. dual smgeidoutle- 
пельку dakerte diyes |1 megabyte total). inréibgenr keyboard 
ПКВ. |, Leedex VT-100 monitor, and МОО 54600 Qr bey 
ae es 76 Маре Ra. Weston МА 01886. i617) 
6%2- 


FOR SALE: Ар ІІ рих 54 К PaycaHanguage system 
Zenith 134nch color monitor, IDS-440 painter with graphics op 
Lon, Hayes modem, dual disk dives, Mourtam Clock, Core 
traer, Casrwer, Appie Writer, Apple Post, VisCak | 37, Dow 
Jones Stock Evakenor, personal programs and othe? a- 
cessor, $5900 complete Frio Е Hackman, 45 Grampian 
Ву, Yalaman РА 1770) 1717) 3264954 сн 365 B53! 


FOR SALE: Rackwet АМ-Һ5 wilh 4 К programmable mem- 
ory, ROMDased телі ecwovfassembier, AK ВАЯС іл ROM 
Power supply, and manuaty £475 Greg Vim, 7170 5 Lewes 
Way. «оп СО 80127 [303] 979-1998 


FOR SALE: Таан B5lO/a graphics computer wem n 
perfect working condition. Inchudes DEC [9.1] procesun 56 К 
регате mentary, Sinch floppy diye, 240 by 370 iak 
апеле grepmhwcs on Koi video daplgy, Гый ASCII key- 
board, and UCSD Pascal software, өсімге volumes 3 thry 5 
of the USUS Муагу Excesienr for schools, тогу, оғ пас 
hoboyi (Sina учету onmgineliy spawned LCSD Pascal) 
Cov $8285 new make offer derome Wopn, 6105 Hann. 
Rayon MO 64133. 216) 356-8290 ater $ PM weekdays 


WANTED: !& K or 32 K Exidy Sorceter/Sorceres А COMmpuler 
| at ретту intergsted sn the computer self, Dod well Conde 
systciris wah peripherals [cassette or disk, pyanfet, vice tein 
tor, еі}. Piease хае asking рпсе in гы jeter—valt poy any 
reaxonatse (ніс, depending on сопки eod age. Chnsqophe 
Lett, 145 Meadow Ln, New Rochelie NY 10805 


FOR SALE: FroLog 280 онияхнға computer. Мете! 
7B01. for іле ganda bus. Tha board 4 wand new—never 
been Gul of gs prottctive package 1150 Өт uade Ия sailboat 
Wayne Miter, B3 Brogkwood СТ, Egri iL 801 20 


FOR SALE: Разса} Mkroengrne computer manufactured бу 
Wesen Dina! Corp, The system «s fully boxed апа factory 
tested. This в ги jut а boata: т м мову unused You get 
64 К prodqramrnatile mernory and a processor that is opurEzed 
for the use of Pascal Asking $3000. but will lake the best offer 
Roben Радни, 75 W Green $. Paena СА 91106, |213) 
1920893 


FOR SALE: Тис complete SwTPC compare Each hos 
44 K, MPS. МРС, MPL. РС tay cassene, то таре decks, 
CT-54. inch Sanyo, Fast BASIC wath files, much volpware, and 
all cades Ready to use. 3800 each or $1500 far pun neideg 
PRAD punter м/а rade for two CT-82 temina Howard 
Jainion, |207) 244-7444 


FOR SALE: |5КСотткхісе PET computer, Incfudmg es- 
ternal саум «лие. Programmer's Toolkit ROM, Souwxdware's 
болох, amd азомей programs. Games programa inctude 
Microctvess 2.0. Super Startrek Tanki, Othello, Backgammon, 
Seakóut. and Bowl. Math programs inthude Inine Long 
Owen. Synthe Duuo of Polynomials. and а polargraphn 
piang гаиле 5900 Mike Soma, 118 Georgetown Р? 
МеКесірой РА 15135, |412) 751-8075 


FOR SALE: SD Sywems boards 58С-200 280 processor, 
3280, У08-8024 үдеп carte, $300. Exponzioram № 64 К 
3750 Ай asyerribwi and teed af lacy, never used, 5 
monihs od Also, Call'oma Computer Systems mankame, 
12-і mothertioard. and power supply, 5290 Хеда wot 
procesung keybowd 530 10% ОМ purchase of entes туган) 
Jahn А Maurer, |313) 684-0471 


FOR SALE: Recenity purthased HP-41C system, inchiding 
HP-A IC calculator пуб memory modules, panier with s roli 
ся paper сан? веде wah no packs of cos cechangeable 
batery pack, and all manuals. 5500 Paw Demes, РОВ 279. 
Manhalrown iA 50158, |515) 754-2177 work 742-3501 
home, 


FOR SALE: Anderson Jacobson 242A acousmc couper 
Used, bul т good comian Веч offer Greg McDonan 1434 
Fenwick in, Sver Spang MD 20910, [3011 587-8538 
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47th STREET PHOTO 123 
А В OIGITAL DESIGN 103 


ACKERMAN DIGITAL STS 389 
ACTION COMPUTER B5 
ADAPTIVE DATA А ENERGY 183 
ADV.COMP,.PROD. 482, 483 
ADV.MICRO SYS. 128 
ADVANCED TECH 460 
AOVENTURE INT'L 125 
AFTERTHOUGHT ENG 382 
ALLENBACH IND. 158 

ALPHA BYTE STORAGE 31 
АРНА BYTE STORAGE 120, 

1 

ALSPA COMP SYS. 458 

ALTOS COMP SYS. 152, 153 
AMER, COMP. & TELECOMM, 255 
АМЕН .COMP.EXCH, 458 
AMER.SMALL BUSN.COMP 453 
AMER.SQUARE COMP. 261 
ANADEX 145 

ANCRONA 228 

ANDERSON JACOGSON 377 
APPARAT INC 77 

APPLE COMPUTER INC 12, 73 
APPLE COMPUTER INC 12, 13 
APPLE COMPUTER INC 345 
APPLIED SYSTEMS 422 

ARTEC ELECTRONICS 88 
ARTIFICIAL INTL.RESRCH 482 
ASAP СОМР.РАОС. INC. 335 
"ii COMP.PROD.INC. 238, 


ASHTON-TATE 282, 283 
AUTOCONTROL INC 452 
AUTOCONTROL INC 452 
AUTOMATED EOPTHNT, 357 
AVOCET 1 
BAG ELECTR, 456 
BASF SYSTEMS 279 
BEAMAN PORTER 260 
BELL.JOHN ENGA. 449 
BETA COMP.DEVICES 275 
BISON PRODUCTS 461 
BIT BUCKET, THE 482 
BIZCOMP 253 
BOWER-STEWART 480 
BUSINESS OPERATING SY5 167 
BUSINESS WEEK 341 
BYTE BOOKS 249 
BYTE BOOKS 250 
BYTE BOOKS 251 
BYTE BOOKS 252 
BYTE BACK ISSUES 379 
BYTE WATS 3 
CALIF D DATA CORP 462 
CALIF DIGITAL 484, 486 
CALIF.COMP.SYS. 21 
CALF COMP 515, 20 
CAMEO ELECTR.NC 233 
COR SYS.INC 452 
CHATSWORTH DATA CORP 125 
CHECK-MATE 458 
CHEÉCKS-TO-GO 10 
CHIPS & DALE 454 
OHRISLIN INDUSTRIES 323 
CINEMATRONICS 496 
CLEV.CONS.COMP.& COMP- 
NTS 487 
GMG.INT'L 220 
COMPONENTS EXPRESS 359 
COMPSTAT CO. 431 
COMPUMART 184, 185 
COMPUPRO/GODBOUT 243 
COMPUPROIGODBOUT 244, 245 
COMPUSERVE 281 
COMPUTER AGE 322 
COMPUTER AID 462 
COMPUTER AID 452 
COMPUTER DISC,OF AM. 270 
COMPUTER EXCHANGE 321 
COMPUTER FURN.& ACCSS, 30 
COMPUTER MAIL ORDER 247 
COMPUTER PLUS 458 
COMPUTER SHOPPER 460 
COMP. SPCLTIES. 100, 101 
COMPUTER STOP, THE 485 
COMPUTER STORE, THE 410 
COMPUTER WRHSE. 1 
COMPUTERS ETC. d 
COMPUTERS ЕТС. 270 


Inquiry No. 


BS 


Page No. 


COMPUTERS ETC. 380 
COMP.PERIPH UNLTD 378 
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DUGGER'S GROWING SYS 458 
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BYTE's Ongoing Monitor Box 
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Article 
Build an Uniimited-Vocabulary Speech 
Synthesizer 

e Big Board: А 280 System in Kir 
Form 
The Xerox Alto Computer 
Tree Searching, Part 1: Basic Tech- 
niques 
One Step Forward—Three Steps 
Backup 
Misosys Software's DISKMOD: Put 
Radio Shack's EditorlAssembler on Disk 
MINCE, A Text Editor 
Artificial Intelligence 
A High-Level Language Benchmark 
Science Fiction's intelligent Computers 
Symbolic Differentiation a la LIS 
Knowledge-Based Expert Systems 
Come of Age 


ШЕ Atari Tutorial, Part 1: The Display 
ist 


Natura-Lanquage Processing, The Field 
іп Perspective 


BYTE's Arcade: Big Ғіуе Software; The 
Prisoner 


Three Microcomputer LISPs 
The Emperor's Old Clothes 
Interactive Fiction: Six Mkro Stories 


Author(s) 
Ciarcia 


Thempson 
Wadlaw 


Williams 
Stakem 


Hughes 
Kern 
Roberts 
Gilbreath 
Ayrd 

icol 


Duda, 
Gaschnig 


Crawford 


Hendrix, 
Sacerdoti 


Williams, 
Шаан 

Levitan, Вопаг 
Ноаге 

Шаай 


June BOMB Speaks Out 

Steve Ciarcia’s "Build a Low- 
Cost Speech-Synthesizer Interface” 
has talked its way into first place 
this month. Steve gets the $100 
purse for his description of National 
Semiconductor's Digitalker speech- 
synthesis system, The article, ob- 
viously, ей our readers speechless. 
The $50 second-place award goes 
to Gary Kildal for his article, 
“CPIM: A Family of 8- and 16-Bit 
Operating Systems," which 
describes the de facto standard 
"software bus,” Robert Greenberg 
and James Larson tled for third 
place. Greenberg's “The UNIX 
Operating System and the XENIX 
Standard Operating Environment” 
provided an inside look ат a large- 
computer operating system for 
microprocessors. Larson's article, 
"The ins and Outs of CP/M,” 
clarified and expanded оп іп- 
put/output and disk interfacing 
within the CP/M environment. 


GAME DESIGNERS 


CINEMATRONICS, a leader In the coin-operated video game industry, is expanding its game design staff. We are seeking 
individuals with the special talent for game design, exceptional creativity, and superior Assembly language programming 
skills. 


CINEMATRONICS offers competitive salaries, paid sick and vacation time, medical coverage, pension and profit sharing, 


Н you're looking for an excellent opportunity with a rapidly growing, employee conscious company, please farward your 
resume to Sandra Baca, Director of Personnel: 


CINEMATRONICS, INC. 


1841 Friendship Drive, El Cajon, CA 92020 


An Equal Opportunity Employer 
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The Dynabyte Difference: © Unequalled price /performance 
with total expandability. 


Buying the powerful 
Dynabyte 5615 isn't only smart, 
it’s cost efficient. 


The 5615 is the sure way to get the system 
you need. With more power for the price. You 
can select memory to 400 KB on our 5-100 
bus architecture. Choose from 3 sizes of 
Winchesters to 45 MB and have diskette back- 
up to your system also. If its tape back-up you 
need, then choose our 5700. If you need less 
storage, our 54" floppy 5200, our 8" floppy 
5300 or our 5400 system using both floppies, 
with up to 3.6 MB capacity, can be yours. 

The 5615 system is available with either 
single user CP/M or our enhanced MP/M for 
multi-user applications. Our MP/M operating 
system supports up to eight terminals, with a 
separate or shared spooler, and up to sixteen 
printers with no required partition space. Add 
to this multi-tasking, bank switching, record 
lockout, type-ahead and DMA and you have 
лр ап MP/M operating system that supports a 
host of existing languages and meets minicomputer standards. 

No multi-user applications library is so responsive to your needs. The 5615 features Business 
Manager," the fully integrated, menu-driven, well documented, easy to install accounting system 
that gives you file/record protection, HELP commands, кейбірі security, keyed data access, 
internal disk management, available source code and more. 

System expandability, power and price/performance are further enhanced by on-hand avail- 
ability, quantity discounts, 180-day warranty and a national WATS line for support. 

Whether you useorsell computer systems, you should ask about the microcomputer that 
puts minicomputer capability in your hands. Thats 
the 5615. Thats the Dynabyte Difference. Call 
Mike Seashols, V. Р Marketing (800) 227-8300. 

In California (415) 329-8021. Dynabyte, 
115 Independence Drive, Menlo Park, 
California 94025. 


Business Manager із a registered trademark of Dynabyte, CP/M and MP/M аге registered trademarks of Digital Research Corp. 
Сігсіө 128 on Inquiry card. 


“Over 15,000 items in inventory could be 
a nightmare. But it's not ‘cause my 
Challenger se, computer works 
like a a dream.” 


"My fastener business is 
growing rapidly. | have over 
800 customers utilizing my 
15,000 inventory items daily. 
Keeping track of inventory, 
orders, and receivables at 
this volume level could be 
a nightmare. But it's not | 
‘cause my Challenger com- 5 
puter works like a dream. | 
Terrific, Ohio Scientific!" 


Richard Nolan, President, 
Aerospace Nylok Согр., 
Hawthorne, New Jersey 


uL 


Ohio Scientific was first to add Winchester 

hard disk drives to microcomputers. This 

advanced technology allows low cost 

microcomputers to store over 100 times 

as much information on line as they 
could before. 


"With our Challenger computer we've developed 
sophisticated real estate programs and information 
files that give our customers and our sales 
associates that extra edge in fast, accurate real 
estate market information analysis and forecasting. 
We now have a strong managerial accounting and 
market information system as well as word process- 
ing at an affordable cost. Terrific, Ohio Scientific!" 


Charles Smith, Jr, President, Montague, Miller & Co., Realtor 
Charlottesville, Virginia 


“гла fuel oil jabber, 
and | can't believe how 
reliable my Challenger 
has been, with all it 
has to keep track of. 
But, it's been doing it 
for two years now, and 
that's terrific, Ohio 
Scientific!" 

Wade Carlson, 

Vice President, 


Wally Carlson & Sons, 
Lindstrom, Minnesota 


OHIO SCIENTIFIC HARD DISK BASED 
MICROCOMPUTERS START AT LESS THAN $10,000 
AND ARE SOLD BY MORE THAN 400 DEALERS 
NATIONWIDE. FOR THE ONE NEAREST YOU, 
CALL 1-800-321-6850 TOLL FREE. 


Jic [OHIO SCIENTIFIC 
а MACC Company 
1333 SOUTH CHILLICOTHE ROAD 
AURORA, OH 44202 + [216] 831-5600 
Circle 260 on inquiry card. 


